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EFFECTS OF FUNGUS-FERMENTED SOYBEANS ON BROILER GROWTH 
AND LIFE CYCLE PERFORMANCE OF COTURNIX QUAIL 
Abstract 
CHEONG C. CHAH 
Under the supervision of Professor C. w. Carlson 
Despite the extensive data that have accumulated on the detri­
mental effect of molds on the growth of farm animals, very little is 
known as to the beneficial role of fungi in animal feed. 
Recent studies at South Dakota State University research 
· laboratories revealed, however, that only 164 of 392 strains of Asper­
gilli were found to be toxic. When the cultures were grown on sterile 
soybeans or wheat, some of the tested cultures exerted positive effects 
on growth of chic..;ks and mj_<;e. 
Hence, the investigations reported herein were initiated to ob-
tain further information on those cultures beneficial to chick per­
formance and to attempt to identify factor(s) responsible for these 
growth-promoting effects. In addition, studies were designed to in­
vestigate the beneficial effects of some Rhizopus and Actinomucor cul­
tures on broiler growth. The effect of certain species of Aspergilli 
beneficial to broilers on the life cycle performance of Japanese quail 
(Coturnix coturnix j aponica) were also investigated and reported. 
The data obtained from the first seven factorial experiments 
demonstrated that feeding full-fat soybeans fermented with 15 of the 19 
species of Asperg il 1 i gave significant (P<0. 05 or P<0. 01) improvements 
in weight gain and feed efficiency of broiler chicks. The rates of 
growth enh�ncement ranged from 4.4 percent to 16.0 percent and the 
greatest percentage growth responses were consistently shown with the 
lowest protein diets. No marked toxic effect was indicated from any 
of the cultures tested. The subsequent analytical data demonstrated 
that chicks fed the fermented soybean diets made, in general, superior 
use of dietary energy, nitrogen and dry matter. Carcass composition 
data showed that the diets made with fermented soybeans produced chicks 
that were significantly (P<0.05) higher in protein and ash and lower in 
total lipids. Amino acid analyses indicated that the beneficial fer­
mented soybeans contained substantially greater quantities of several 
essential amino acids. 
Further investigations were made by supplementing the control 
diet with certain deficient essential amino acids so as to simulate the 
amino acid content of the fermented soybeans. Similar positive growth 
responses were noted. All the growth promotion effects could therefore 
be explained largely on the basis of a superior amino acid balance of 
the fermented soybean diets. 
The cultures of Rhizopus and Actinomucor tested did not illus­
trate any positive growth response or improved feed utilization of 
broiler chicks. Thus, the data suggested 1 i ttle promise for these 
cultures as a means of improving the nutritional quality of soybeans. 
Feeding the fermented soybeans to 10-day old quail chicks 
largely confirmed the findings observed with the broiler experiments. 
Hen-day egg production and egg size were not significantly altered by 
diets made with fermented soybeans. On the other hand, a consistent 
advantage in hatchability was observed with fermented soybeans. Some 
carry-over effects of fermented diets fed to the dams were noted with 
chicks in terms of increased growth responses although the effects were 
not conclusive. 
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INTRODUCTION 
During the last few decades the poultry industry in North 
America has continuously concerned itself with maximizing production 
efficiency from an economic and quality standpoint. 
1 
While the contribution of nutritionists and other professional 
workers has certainly increased the chicken's productive capacity per 
unit of feed, dram�tic changes in feed ingredient prices in recent 
years have caused producers to re-evaluate the nutritive value of 
major feedstuffs so as to lower the cost of production. It is 
anticipated that demand for such protein and energy sources for formu­
lating poultry feeds will increase faster than their production. 
Competition be-Lween human foods made di.rectl y f:rorn plant sources and 
animal protein produced from plant proteins will become more intense, 
especially as the cost of producing the animal protein increases. 
Therefore, it is imperative to make continuous improvements in the 
nutritional value of poultry rations in order to make the most 
efficient use of the expensive protein sources now available. It may 
also be necessary to develop new potential sources of protein if 
demand for poultry meat and eggs continues to be strong. Recent 
economic analyses of some alternative sources of protein, such as 
. might be produced from fermentation, indicate greater potential now 
than some years ago when prices of soybean and fishmeal were very much 
lower. 
Even though early reports (Allcroft, 1965; Forgacs, 1966) were 
not at all ,optimistic about the economic future of fungus-fermented 
2 
feedstuffs for poultry and other farm animals, recent investigations 
at South Dakota State University research laboratories revealed that 
some of the tested mold cultures exerted positive effects on growth of 
chicks and mice when the cultures were grown on sterile soybeans or 
wheat. Consequently, it was felt that some critical studies should be 
undertaken to examine the nutritional adequacy of these fermented 
feedstuffs. These should be done not only from the standpoint of 
improvements of live performance of domestic animals as obtained with 
feeding fermented feeds but also from the s tandpoint of the economic 
merits of these new sources of nutrients. 
Hence, the present study was initiated to investigate (1) the 
beneficial effects of some Aspergillus, Rhizopus and Actinomucor 
cultures on chick growth and feed utilization, (2) the factors affect­
ing stimulation of broiler growth by fermented soybeans and (3) the 
reproductive performance of Japanese quail and growth of progeny as 
affected by feeding fermented feeds.  
3 
REVIEW OF LITERATURE 
Toxins in Fungi 
The initial discoveries of alfatoxins were made in England 
(Allcroft et al . ,  19 6 1; Sargeant et tl·, 19 61b; Lancaster et al . ,  
19 61) . These came after the loss of about 100 ,00 0 turkey poults from 
what was first designated as "Turkey X" disease (Blount, 19 6 1). With­
in a short time similar incidents were reported with ducklings and 
chickens (Asplin and Carnaghan, 19 61), swine (Loosmore and Harding, 
19 6 1) ,  and calves (Loosmore and Markson, 19 61) . The common factor in 
these outbreaks was the use of peanut meal imported from Brazil. 
It was found that substances could be extracted with chloroform 
from toxic meals and that the extracts could reproduce the toxicity in 
susceptible species (Allcroft et al. , 19 61; Lancaster et al. , 19 61; 
Sargeant et tl·, 19 6 1a) . The toxic principles were recognized as 
metabolites derived from the fungus Aspergillus flavus and not from 
the groundnuts (Sargeant et tl·, 19 61b) per§.£· An interdepartmental 
working group on groundnut toxicity research in · 19 6 2  gave the col­
.lective name of aflatoxins to these metabolites, deriving the name 
from t.spergillus Flavus Toxins (Carnaghan et al. , 19 6 6). 
Beneficial Effects of Fungi 
Fungi as Human Food. As indicated previously, there was much 
concern with those fungi which were detrimental. However, fungi have 
other· uses in various parts of the world in connection with man's 
eternal attempt to satisfy his urge for food. Particular attention 
4 
has been given to the potential which such fungi possess for making 
large beneficial contributions to or alterations in the world's pro­
tein supply. In the Orien� several mold-type fungi have been used for 
centuries in the preparation of a variety of food products, while in 
the Occident this use has been largely restricted to the processing of 
milk protein (i.e. , cheese) . 
Direct Use of Fungi as Food� Chavez (19 65 ) has suggested that 
man has been familiar with beverage alcohol for at least 300 centuries, 
and mushrooms have been a part of the human diet for an even longer 
period of time. In his description of mushrooms as a human food, Gray 
(1970) noted, on the basis of brief references to manna in the Old 
Testa;nent, that the children of Israel were eating mushrooms which 
often spring into being with aln1ost miraculous rapidity at certain 
seasons of the year (Numbers 1 1:1-9 ) .  It was reported (Singer, 19 61) 
that wild mushrooms are one of the most valued vegetable crops of the 
Arctic, especially the arctic or subarctic regions of Europe and Asia. 
They are eaten fresh or are pickled or dried for use in the winter. A 
variety of mushrooms of one type or another is collected and marketed 
in the Orient such as Tricholoma matsutake (in Japan) and Auricularia 
polytricha (in China and Korea) . In his extensive and excellent work 
on mushrooms and truffles, Singer (19 61) lists four species which one 
may corrmtonly find in the United States and Europe. These are Agaricus 
bisporus, Valvariella volvacea, Lentinus edodes and Tuber melano­
spermum. 
Fungi in Cheese Processing. Since the initial discovery of a 
process(es) for making cheese, man has shown considerable initiative 
5 
in this area of food processing. This is illustrated by the fact that 
in 1925 Thom and Fisk were able to list over 500 varieties of cheese. 
Although there are a considerable number of cheese varieties, all of 
which are ripened by fungi, these can actually be grouped into two 
basic types--Roquefort (blue or blue-veined) and Camembert. Roquefort­
type cheese originated in southern France many years ago and in its 
original form was made only from sheep's milk. Today most Roquefort 
and all of its imitations are made from cow's milk. Thom and Currie 
(1913) early reported that a specific fungus, Penicillium roqueforti, 
occurs in practically pure culture in Roquefort, Gargonzola and 
Stilton cheeses. In view of findings such as those of Patton (1950) 
and Girolami and Knight (1955), it would appear that the principal 
role of the fungus in the ripening of Roquefort cheese is to proQuce a 
highly unique flavor and odor. This occurs through the hydrolysis of 
milk fats to release various fatty acids that are metabolized by the 
fungus to characteristic methyl ketones. However, Thorn (1925) was of 
the opinion that certain characteristic flavors are also due to the 
action of lactic acid bacteria. 
Oriental Fungus-Fermented Foods. As·noted in the previous 
section, fungi are used primarily in the Occident as processing agents 
of milk protein, whereas in the Orient fungi are used mainly to pro­
cess soybeans. However, a variety of other materials as well, such as 
rice, wheat, peanuts, copra and fish are similarly processed. 
6 
References to fungus-fermented food items are not very abundant in the 
published literature. A very brief account of the fermented soybean 
products will be given here. 
Miso. This food, which is a paste of the consistency of 
peanut butter, is characterized by Lockwood and Smith (1951 ) as 
the most important soybean food product. The process described 
by Shibasaki and Hesseltine (19 61 ) noted that miso is made from 
a mix of soybeans, rice and salt fermented with Aspergillus 
oryzae or Aspergillus soyae. Jvliso is used primarily as a 
flavoring material, -being added to soups and vegetables. 
Shoyu (Soy sauce) . In contrast to the miso just dis­
cussed, shoyu is a liquid product rather than a paste. Further­
more, this product is the Oriental food type most well-known in 
the Occident. The micro-organisms involved in the process are 
the fungi Aspergillus oryzae and Aspergillus soyae and the 
yeast Zygosaccharomyces sp. (Hesseltine, 19 65). 
Hamanatto. Hesseltine (19 65) states that hamanatto is 
produced in a limited area in Japan by the fermentation of 
whole soybeans with strains of Aspergillus oryzae. This product 
is expensive and very dark in color. 
Tempeh. Tempeh is a popular Indonesian food made 
entirely from fermented soybeans with a species of Rhizopus and 
is used as a main dish rather than as a flavoring agent for 
other foods. Hesseltine (19 65) described tempeh fried in 
vegetable oil as delicious to eat when hot. Van Veen and 
Schaefer (1950) have pointed out that this food is quite 
palatable to Occidentals. These desirable qualities have 
created an interest in the nutritive value of tempeh in 
America as well. For example, Gyorky (19 61) reported that 
the nutritive value of one lot of freeze-dried tempeh pre­
pared from Seneca soybeans was equivalent to that of skim 
milk. Its nutritive value was much higher than that of the 
unfermented soybean control as measured by weight gain . 
Wang and Hesseltine (19 66) have prepared a material which 
they call "wheat tempeh, 11 a food product prepared in much 
the same way as tempeh except that the substrate is wheat 
instead of soybeo.ns. Al though previous v:c:::::-k had sho\:� that 
Rhizopus oryzae, Rhizopus arrhizus and Rhizopus aligosporus 
were suitable for the preparation of soybean tempeh, only the 
latter species was suitable for use in preparing the wheat 
product . 
7 
Sufu. Sufu is often called Chinese cheese, although it 
is not prepared from milk. Like tempeh, the processing of soy­
beans is accomplished with a phycomycete and Hesseltine (19 65) 
lists at least five species of mucoraceous fungi which have 
been isolated from sufu. Apparently tofu, an intermediate pro­
duct of sufu, is often used directly as a food rather than 
being converted to sufu. Wang (19 67 ) states that this has been 
one of the most important foods in the Orient for centuries . 
In a sense this would be the Oriental equivalent of curded 
milk. From the work conducted at the Northern Regional 
Research Laboratory (Hesseltine and Wang, 1967) , Actinon�cor 
elegans appear to b� the organism used in the preparation of 
sufu. 
Fungi as Animal Feed. A survey of the literature shows that 
8 
little has been documented concerning fungi being deliberately fed to 
animals other than in limited experimental_ studies. Fungi have not 
been known to constitute any sizeable part of the animal diet. In his 
discussion of the fungal flora of the Arctic, Singer ( 1954) records 
that in arctic and subarctic areas reindeer feed on mushrooms, even 
digging frozen ones from under the snow. The local and seasonal 
abundance of mushrooms ·as reported to be one factor in choosing feed­
ing grounds in Lapland and in the northern u.s.s.R. Singer ( 196 1) also 
s�ates that in Germany, during and after World War I, wild mushrooms 
were successfully fed to pigs, poultry and fish. This same worker 
suggests that the waste material from mushroom canneries (lower portion 
of stipes, damaged or diseased mushrooms) could be used as a feed but 
cites no instance of this having been done. 
Scant data have been published indicating that certain fungi 
were not a source of danger to poultry. Gorcica and co-workers ( 1935) 
reported that the mycelia of Aspergillus sydowi fed at the one percent 
level were a good source of thiamine for chicks. Petty and Quigley 
( 1947) in studying the influence of the microflora of wheat on the in­
cidence of blue comb disease reported a beneficial rather than detri­
mental effect of fungi. Borgers and Peltier ( 1947) fed chickens 
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mixtures composed of wheat bran, soybean meal and cracked cor n  on 
which four species of Aspergillus and two of Fusarium had bee n  cul­
tured for four days. They observed that the molded s ubstrate improved 
the growth of chickens and concluded that the particular molds they 
used could be fed without any deleterious result. Cover e t  tl· 
(19 5 5) fed chickens soybean meal, corn  meal and reg ular mash on which 
had bee n  cultured a strain of Fusarium graminearum and found no harm­
ful effects . In the course of evaluating the potential toxicity of 
39 2 strains of Aspergillus, representing 132 species and 19 varieties,  
Semeniuk et tl· (19 7 1 )  found that some mold cultures studied were not 
deleterious to chicks and mice . Normal growth and feed conversion was 
oLserved and with several st::ra� ns growth stimula tion was obta i ned . 
This indicates that the metabolic products of molds are highly specific 
in their effects on young chicks and mice. Recently, Fritz et  al. 
(19 73) reported also that feeding different mold cultures to chicks 
showed no serious adverse effects. Some of  the species tested were 
Aspergillus candidus, � - niger, � - repens,  � - ruber, Pe nicillium 
cyclopium, Thrichoderma viride and Fusarium moniliforme. None of the 
molds had any significant effect on the blood clotting time of chicks. 
They pointed out that most  molds are harmless ,  but a few produce 
vitamin anta gonists (i. e. ,  thiaminase) or potent toxins. Seme niuk 
et al. (19 7 1) listed only 1 64 toxic strains of  Aspergillus of the 39 2 
tes ted. 
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Full-fat Soybea ns in Diets for Poultry 
In recent years there has been much interest in the use of full­
fa t soybeans in poultry diets as  a source of both energy a nd protein . 
When one considers the potential feeding va lue of full-fa t soybea ns 
for poultry (a pproximately 40 pe.rcent protein and  3.9 7 Kca l JvlE/g), the 
rea son for the interest in such a product is readily a ppa rent.  Proper 
hea t treatment of soybean s  is an  effective . way to ina ctiva te tryps in 
inhibitor and  other components which interfere with protein digestion 
in young monoga stric animals (Westfa ll and Ha gue, 1948 ) .  La ter 
studies with chicks (Renner and Hill, 19 60) indica ted tha t the meta­
bolizable energy of ground roa sted soybeans  wa s less than predicted 
by feeding the soybea n components, soybea n mea l and soybea n  oil.  Sub­
s equent studies showed that flaking increa sed  the oil ava ila bility of 
unextra cted hea ted soybea ns .  Pelleting the soybean wa s not a s  
effective a s  fla king in increasing oil availa bility (Ca rew et  a l. ,  
19 61 ; Ca rew and  Nesheim, 19 62) . Hill and Renner (19 63) pointed out 
tha t some fa ctor(s) in unheated soybeans interfered with oil ab­
sorption rega rdless of whether the oil wa s in the bea n or present as  
the free oil. Even when the bea ns were -ground a nd cooked ,  the oil 
utiliza tion wa s ma rkedly poorer than if a dded a s  free soybean oil. 
Other resea rch ha s a lso shown tha t soybeans roa s ted in an  infrared 
cooker do not promote as ra pid chick growth a s  soybea n mea l a nd a dded 
oil (Fea therston and Rogler, 1966; White et a l. ,  19 67) .  However, 
pelleting the diet improved the utiliza tion of cooked soybeans , 
probably due to the high pres su.re shearing forces involved .  Grinding 
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the roasted soybeans had no significant effect on weight gain whether 
they were fed in mash or pellet form ( Mitchel l et .§.1. , 1972) . 
Some controversy exists regarding the influence of a ge of the 
bird on the a cceptability of ra w soy products. Saxena et .§1_. (1963 ) 
noted a n  increase in undigested nitrogen in the excreta of chicks fed 
raw soybean meal. Nesheim and Garlich ( 1966) also noted a significant 
reduction in a pparent nitrogen digestibility of ra w extra cted soybean 
fla kes. Hens did not adapt to ra w soybea ns , even after 97 days of 
feeding. Bray (1964) and Rogler and Carrick ( 1964) fed extra cted and 
unextra cted soybeans to hens and observed reduced performance and 
pancrea tic hypertrophy. On the other hand , Saxena et a l. ( 1963 ) noted 
that raw dcsolv2ntized fl a kes  supported adequate egg production �,ith 
no pancrea tic hypertrophy. DL-rnethionine was added a t  0.5 percent of 
the diet. Other investiga tors found that unheated , extra cted soybean 
fla kes supported egg production equal to tha t of soybean meal if the 
diet was adequate in methionine (Summers et tl · , 1 966 ; Sa lma n  and 
.McGinnis , 1968) . 
Several studies have also been reported in which heated , unex­
tra cted soybeans have been the ma in source of protein. Waldroup 
et a l .  (1969) reported that egg production was equal from hens fed - -
either extruded soybeans or soybean mea l in a 15 percent protein diet. 
Infrared cooked soybea ns a lso supported performance equa l to that of 
soybean meal a nd added crude soybea n oil ,  and both feeds were utilized 
with .equal efficiency (Arends et tl · , 1971) . Bray et a l. ( 1971) found 
that pancreatic hypertrophy of la ying hens was  eliminated if infrared 
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cooked soybeans were heated to at least 120° C and that heating the soy­
beans up to 15 0°C increased the efficiency of utilization. Higher 
temperatures were found to be detrimental. Latshaw (19 7 4) noted no 
significant differences in egg production, egg weight, feed con­
sumption or mortality between roasted or raw flaked soybeans and 44 
percent protein soybean meal for laying hens when the diets were ade­
quate in sulfur amino acids. 
Thus, studies to date have indicated that full-fat soybeans can 
be used effectively in broiler and layer diets provided they are 
properly cooked, that cell disruption is accomplished by flaking, ex­
truding or pelleting and that dietary density is controlled. 
Fastors Affecting E ffic ient Uti lization of  
Dietary Proteins and Amino Acids 
Voluminous literature exists on the various ramifications of 
dietary protein level and amino acid balance in different species of 
monogastric animals. The brief review which follows will cover work 
done with poultry. 
Effect of Protein Level. Although many studies have been made, 
knowledge about optimum levels of dietary protein in avian species has 
been somewhat inconsistent. The variability of research data on this 
subject indicates that a number of factors would be involved in an 
evaluation of the total protein needs of poultry. Some of these 
factors are breed or strain of chicken, energy content of the diet, 
degree and type of production and  biological value of proteins used in 
the diet. 
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The effect of dietary protein levels on the biological avail­
ability of that protein has been frequently reported in the literature. 
Summers and Fisher (19 61) found that, as the level of protein was 
increased at intervals between 12 and 27 percent of the diet, the net 
protein value of the dietary protein for chicks decreased linearly, 
from 68 .6 percent for chicks fed the diet containing 12 percent pro­
tein to 4 5 . 5  percent for those fed 27  percent protein. Forbes et tl· 
(19 58) found that the biological value of several proteins decreased 
as the level fed to rats was increased from 4 . 2 percent up to 24 . 5  
percent of the diet. This was somewhat in contrast to the results of 
Hegsted and Neff (1970 ) who reported that protein retention in the rat 
ca rcc'.l �S ;,·:� s a rather consta nt propo:rtiol! of • d ietary protein i ntake over 
a considerable range of protein inta kes. However, these workers also 
noted that as protein levels approached those needed for maximum growth 
rate, the efficiency of protein utilization was reduced. Earlier 
reports (Donaldson et .§1.. , 19 5 6 ; Combs, 19 64 ) cl early showed that 
changing the level of dietary protein without changing quality influ­
enced the voluntary energy intake of growing chicks fed isocaloric 
rations. This was observed with protein mixtures of good amino acid 
balance as well as with protein mixtures first limiting in methionine, 
lysine or threonine. As the level of d ietary protein was reduced in 
relation to energy content, proportional energy intake and body fat 
content was increased. Carcass protein and water content was reduced. 
These data further indicated that protein efficiency was lowered by 
feeding more protein than that required to supply the a_mino acids 
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needed for maximum growth . Also, some improvement in protein effi­
ciency could be achieved if levels of protein below that required for 
maximum growth are fed. 
Effect of Amino Acid Balance . One of the most important con­
cepts in recent protein nutrition is that the nutritional value of a 
protein is determined primarily by its amino acid balance. Neverthe­
less, this amino acid ba lance principle is not yet completely accepted. 
Hypothetically, when the diet protein i s  in exact balance, the rate of 
tissue synthesis and the efficiency of utilization of the diet for 
growth would approach a maximum (Sanahuja and Harper, 19 62 ; Harper, 
19 65 ). 
/.1.mino Acid Ba J a nee . Most proteins� even though they may 
be deficient in one or more amino  acids, contain amino acids 
that are in excess of the animal' s need- when fed at the usual 
levels. Generally, the excess amino acids are not considered 
in evaluating the nutritional quality of proteins, but it has 
been shown by Sugahara et tl· (19 69 ) that this may not be ten­
able under all conditions and especially when chicks are fed 
crystalline amino  acid diets. To simulate a protein having 
both multiple deficiencies and excesses of amino acids, a test 
diet must be formulated to contain excess amounts and defi­
ciencies of certain essential amino acids. Sugahara et tl· 
(19 69 )  demonstrated that when all essential amino aci ds were 
. reduced to 60 percent of their required levels for maximum 
growth, decreased weight gains were evident, although feed 
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intake remained at the same level as that of chicks consuming 
an  adequate diet. This points out that reduced protein levels 
d o  not always reduce feed int ake, especially when the nitrogen 
source in question contains a well-bal anced pattern of amino 
acids such as was the case in this experiment. Subsequent work 
(Netke et al. ,  1 969 ; Valu et tl·, 1972 )  showed dietary addition 
of a mixture of excess amino acids devoid of either isoleucine 
or lysine had no effect on isoleucine or lysine utilization but 
did markedly red uce whole body  fat and increased body protein 
and water. The effect of amino acid level on lipogenesis seems 
to  be an important aspect of the effect of protein levels on 
feed cor.version .  
In this connection, Waldroup (1 972) minimized excess 
essential amino acids by removing lysine and methionine 
restrictions and formulating to  meet minimums for other 
essential amino acids. Synthetic lysine and methionine were 
then added to the diets as needed. This procedure resulted 
in reducing the dietary protein requirement and enhancing the 
efficiency of feed utilization. 
Amino Acid Imbalance. The term amino acid imbalance has 
been defined as " a  change in the proportions of amino acids in 
a diet that results in a depressed feed intake or growth." 
Amino acid imbalances occur naturally in many practical-type 
diets for the avian species. With poultry, much work has been 
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reported which indicates essential amino acid imbalance causes 
a reduction in voluntary feed intake and the corresponding 
growth rate. 
Anderson et al. ( 1951) observed marked decreases in feed 
intake and growth of chicks from the addition of four percent of 
certain amino acids to the diet while the same level of others 
had little or no effect . Similar reductions in ad libitum feed 
intake and growth retardation of chicks have been reported from 
the addition of a mixture of all essential amino acids except 
for the one first limiting. This has been demonstrated in diets 
first  limiting in tryptophan, lysine or methionine by Fisher and 
Shapiro ( 1 961 ) and in diets low in argini ne ) isoleud ne , l eu­
cine, lysine and valine by Hill and Olsen ( 1963) . The effect 
of an amino acid imbalanced diet on voluntary energy intake 
restriction and resulting change in body composition is quite 
different from that of a low protein diet. A study by Combs 
( 1965) pointed out that chicks fed an amino acid imbalanced but 
normal protein diet do not show increases in body f at content 
but do show growth retardation and depress ed feed consumption. 
This wa s shown in several experiments with graded levels of 
methionine or lysine in isonitrogenous diets. 
The practical occurrence of amino acid imbalances studied 
extensively by Harper et §1_. ( 1971) is probably slim. To pro-
. duce such imbalances artificially, it is deemed necessary to 
feed diets which are markedly deficient in protein before the 
growth depressing effects of a dding excesses of  a n  amino acid 
mixture lacking a limiting amino acid can be observed. Such 
ef fects are observed with difficulty at protein levels that 
will support near ma ximum growth. 
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D'Mello and Lewis (1970 ) have recently studied the inter­
a ctions of a mino acids in diets containing adequa te levels of 
total protein. Leucine, isoleucine and va line requirements are 
somewha t related in that a n  excess of one or two members of this 
triad o f  structurally related amino a cids affects the require­
ment for the other. For example, v1hen the va line content of 
the diet was 0.77 percent, increasing the level of leucine from 
1 . 4 to 2. 4 percent of the diet caused a 10 percent reduction in 
growth ra te of chicks. This growth depression caused by feed­
ing 2 . 4  percent leucine as overcome if . the valine level was 
increased to 0.89 percent . The influence of excesses of leucine 
on the isoleucine requirement was l ess s triking than the ef­
fect of leucine on the va line requirement . 
Another importa nt amino acid intera ction is the lys ine­
arginine relationship . The s tudies of A l len et tl· (1972) and 
A l len and Ba ker ( 1 972 ) support the observation that excess 
dietary lysine impairs arginine utiliza tion . There is essenti­
a l ly a linear relationship between the lysine con tent of the 
diet a nd the arginine requirement of chic ks (Nesheim, 1968; 
Austic and Nesheim, 1970 ) .  The studies indicate that the 
arginine requirement, expressed as a percent of the diet, · is 
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increased by over 50 percent when one percen
t or more of excess 
lysine is fed. Much of the decreased rate
 of growth due to 
excess dietary lysine is caused by a red
uction in voluntary 
feed intake . 
Recent work by Hardwick et al. (1970 ) po
ints out that 
excessive intakes of methionine cause gr
owth failure, fatty 
liver, hypoglycemia accompanied by a pro
gressive fal l in hepatic 
ATP and an induction of hepatic serine-th
reonine dehydrase 
(Girard-Globa et al. , 1972) . Partial r
eversal of one or more 
o f these effects has been accomplished b
y supplementing 
methionine-imbalanced diets with glyci
ne or serine (Benevenga 
and Harper, 1967 ) ,  adenine (Hrl:r-dwick �
 al. , 1970) or threonine 
(Girard-Gl oba et tl· , 1972 ;  Katz �1 tl
· , 1973) but not with 
arginine (Smith , 1968) . 
Other Interrelationships of Amino Aci
ds . In  an early report 
Baldini and Rosenberg (1956 ) discuss
ed the effect of �ethionine level 
on growth and feed efficiency of chick
s in relation to energy c ontent 
of the diet. From the data, it was app
arent that the methionine 
requirement of the chick expressed as 
a percent of diet was increased 
as the energy level of the diet was in
creased . This finding not only 
clarified the way in which supplemental
 methionine could be used 
effectively in practical feed formulati
on but il lustrates the positive 
value of c onsidering direct amino acid-
energy ratios. A series of 
subsequent experiments have been made (C
ombs, 1964) to test these views 
where diets containing isocaloric but pro
gressively higher levels of 
19 
essential amino acids and protein were compared .  The results point out 
that the voluntary cons��tion of metabolizable energy may be reduced 
from five to 10 percent by increasing the level of protein either with 
or without a corresponding increase in the level of al l essential amino 
acids .  For example, when the protein level was elevated from 20 .8 to 
25 .3 percent with no increase in either  lysine or total sulfur amino 
acids ,  the voluntary energy uptake was only 95 percent of that for the 
low protein controls . Accordingly, it was proposed that this reduced 
intake could be due to a response of the " physiological appetite" 
center  to levels of circulating amino acids or their derivatives in 
the blood . The author contended further that such a mechanism could 
expl a i n  why g:rowing chi cks mi ght " over-consume" in e ne rgy when fed 
diets with minimal but adequate amounts of all required amino acids 
and sufficient amino nitrogen supplied  by efficient protein mixtures .  
Considerable data have been publishe d  in rece nt years indi­
cating that amino acid degrading enzymes in tissues ca n be markedly 
influence d  by the diet fed to animals. Feeding extremely high levels 
of protein, for example, usually will increase the levels of most of 
the amino acid degrading enzymes in body tissues (Kaplan et al . ,  
1970 ; Harper et  al . , 1 9 70 ) .  In this connection, Austic and Nesheim 
(1970 ) have demonstrated that the arginase activity of chick kidney 
can be markedly altered by dietary treatment .  For example , feeding 
excesses of arginine, lysine, isoleucine, ornithine , histidine , tyro­
sine or phenylalanine will all greatly elevate kidney arginase activ­
ity . I n  similar studies, such amino acids as threonine , glycine, and 
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the unusua l a mino a c ids,  a -amino isobutyric a c id a nd 0-hydroxy-a-a mino 
valeric a cid, depress kidney argina se activity. The effec ts of these 
a mino a c ids on a rginine degra da tion a re sufficiently la rge tha t growth 
ra te of chicks a t  a given level of d ieta ry arginine is la rgely depend­
ent upon the levels of these a mino a c ids in the diet. 
Evidence ha s a lso been c ited for genetic va riation in amino acid 
requirements of chicken s. Nesheim and Hutt (19 62) reported ma rked 
differences in a rginine requirement a . ong three stra ins (C, K a nd S) of 
Leghorns ma inta ined a s  closed flocks a t  Cornell University for over 25 
yea rs. From the da ta ,  it wa s observed tha t the chicks from the high 
requirement (HA) stra ins avera ged 97 grams in body weight, wherea s the 
chickens from the low requirement (LA ) stra ins averaged 231 grams in 
weight a fter receiving a n  arginine deficient diet from ha tching to four 
weeks of a ge. When chicks from the HA and LA strains were fed a diet 
a dequa te in a rginine, only slight differences in growth rate were ob­
served. 
Ma ny investiga tors have recently reported on the intera ctions 
between sulfur-bea ring amino a cids (SAA) a nd c erta in inorganic sul­
fates in poultry diets (Hinton a nd Harms., 19 72; Soa res et a l. ,  1974 ; 
Sa sse and Baker, 1974 ). According to a study by Sa sse and  Baker 
(1974 ), in diets conta ining less than 1 65 ppm of inorga nic sulfa te, 
K2so4 or Na2so4 ca n spare approximately 15 percent of the cystine re-
quirement. Since pra ctical-type broiler diets a re first limiting in 
cystine. rather than methionine (Baker and Bray, 1 972), supplemental 
K2 S04 , Na2 S04 or Ca S04 may be efficacious in spa ring a portion of the 
supplementa i SAA. 
') 
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MATERIALS AND METHODS 
The studies reported herein a re concerned 
with s evera l separa te 
inves tiga tions ea ch of which had its o
wn special fea tures with respect 
to the birds used , mold cultures teste
d a nd the design of e xperiments. 
It is , therefore , proposed to outline 
in this s ection only the general 
e xperimenta l procedure a nd to leave 
discussion of othe r specific de-
ta il s  to the r espective studies. 
Expe rimenta l Animals 
Golden Gia nt ma le br oiler chicks
1 we re used in Experiments I to 
XIII , while in Experiments Q-1 to Q-
I II Ja pa nese qua il (Coturnix 
coturnix j aponico. )
2 v.:c re the experimenta l anima l . 
The experiments wit broiler chicks we
r e  sta rted when the chicks 
were one da y of a ge , wher as  the quai
l studies were initia ted when the 
birds had rea ched 10 days of age. 
Experiments with Broiler Chicks. 
The e xper imenta l chicks were 
hous ed in e l ectrically hea ted ba tter
y brooders with raised wire f loors . 
Sta inl ess  steel trays were placed be low 
the f loors f or the col lection 
of excreta. Al l birds received experim
enta l diets a nd wa ter ad 
libitum . 
lpurcha sed from Jack Frost Ha tcheries ,  In
c. , St. C loud , 
Minnesota. 
2Ava ilable at the Department of Anima l 
Science , South Da kota 
Sta te Univers ity ,  a s a n  introduction 
of a white egg strain from Ohio 
State Unive rs ity. 
22 
The chicks were weighed individually at 0 ,  two and four weeks 
of age but only 4 -week weight gains are reported. The ave rage weight 
gains per treatment were calculated by averaging the means for repli­
cate groups. The amount of feed cons umed was measured for each g roup 
throughout the experimental period and fee d  efficiency data were cal­
culated accordingly as an average of the three or four groups in each 
treatment. All mortalities were obse rved and recorded. 
Experiments with Japanese Q uail. For the quail growth studies , 
the general experimental procedures were identical to that of broiler  
assays except the birds were 10 days of age at the initiation of the 
experiments. At the termination of the growth studies , the quail were 
sexed a nd pL::ced 0::1 q1..1ail laye!' diets with eight females a nd two mal es 
per group for initiating the reproductive performance s tudies. 
Percent egg production was calculated by us ing the number of hen 
days during which eggs we re produced. Average egg weight was calcu­
lated from eggs collected during the last seven consecutive days of 
each experimenta l period. Fertility was determined by candling after 
10 days of incubation .  Hatchability was ascertained based on the 
number of eggs set and expressed as the percent of total eggs that 
were incubated. 
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Experimenta l Diet Prepara tion 
Production of Fermented Soybeans . Inocula were prepared by 
growing the particular  Aspergil lus3 on sma l l  amounts of s oybeans 
( approximately 25 g) at about 40 percent moisture in 500 ml Erlenmeyer 
flasks . To provide the amount of molded soybean needed for each ex­
periment, either good quality Chippewa or Cor-Soy s oybeans were 
cracked, moisture conditioned, sterilized (45 minutes a t  120°C) and 
inoculated in plastic sa cks as previous described by Semeniuk et a l. 
(1970 ) .  The inocula ted soybeans were then incubated in a chamber for 
two to three d_ays at 23-30° C and shaken twice in the interim . Fol low­
ing incubation, the soybeans were spread to air-dry on f l at racks for 
two to three days in a greenhouse ha l l way and then were finely ground 
in a cof fee grinder . Control soybeans were moistened, sterilized and 
a ir-dried for each chick study for comparisons with fermented soybeans . 
Diet Formulation for Broiler Chicks . The control or fermented 
soybeans prepared as  described in the previous section were incorpor­
a ted into a premix (Table 1) in amounts to yield 15, 17 a nd 19 percent 
protein l evels or 13, 16 and 19 percent protein diets according to the 
experimenta l design of the respective studies . Appropriate additional 
amounts of cerelose were added to the lower protein ra tions as a re­
placement f or the soybeans (Table 2) . Essentia l  amino acid values for 
each protein l evel were calculated from Table 9 .7 for amino acid com­
position of feedstuffs given by Scott et al . (1969) . The results are 
3Aspergil l us cultures used for a l l  experiments were obtained 
from the ARS ,Culture Col lection, Northern Regional Research Laboratory, 
u . s .D .A., Peoria, I l linois. 
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TABLE 1 . COMPOSITION OF PREMIX 
Ingredient Percent 
Glucose monohydrate 






Methionine hydroxy analog 
78. 8 




1 . 0 
L O  
0. 4 
1containing 97 percent NaCl and other salts to provide 0.45 
percent Mn, 0. 50 percent Zn, 0. 17  percent Fe, 0. 05 percent Cu, 0. 01 
percent Co, 0 .01  percent I and 0. 30 percent s. 
2containing per kg:. 1, 000, 000 I.U. vitamin A, 440, 000 r . c .u .  
vitamin D, 4 , 400 I.U. vitamin E, 220 mg menadione, 360 mg thiamine, 
600 mg pyridoxine, 0. 36 mg biotin, 880 mg riboflavin, 1, 760 mg 
pantothenic acid, 1 . 76 mg·cobalamine, 2. 6 g . choline, 8. 8 g niacin and 
22 g ethoxyquin . 
TABLE 2. COJvtPOSITION OF EXPERIMENTAL RATIONS (%) 
Dietary Protein Level 
13% 15% 16% 17% 19% 
Premix 50.0 50.0 50. 0 50. 0 50. 0 
Soybeans unextracted 34.2 39 . 5  42. 1  44. 7 50. 0 
(properly processed) 
Glucose monohydrate 1 5. 8 10. 5  7. 9 5. 3 o . o 
100. 0 100. 0 1 00. 0 100. 0 100. 0 
Calculated Analysis 
Protein, percent 1 3. 34 15. 34 16.34 17. 34 1 9. 34 
ME, Kcal/kg 3, 077 3,085 3. 090 3,094 3, 102 
ME/percent P ratio 231 202 1 90 179 161 
Calcium, percent 0. 91 0. 92 0. 93 0. 93 0. 95 
Phosphorus, percent 0. 58 0 . 61 0. 62 0. 64 0.67 
presented in Table 3 along with levels reconm1ended by the National 
Research Council ( 19 7 1 ). 
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Experimenta l Diets for Japanese Quail. Ground yellow corn was 
used as the maj or· ingredient in both the quail starter (Table 4 )  and 
the quail layer diets ( Table 5). Either control or fermented soybeans 
were incorporated into experimental rations at the rate of 50 percent 
for the starter and at 35 percent for the layer diets, respectively. 
Methionine and lysine additions to the starter diet were made to as­
sure a more adequate amino acid balance. The calculated metabolizable 
energy values for the starter and layer rations were 3, 19 2 and 3,007 
Kcal per kg, while the calculated crude protein value i n  both rations 
wa s 24 percent. 
Analytical Procedures 
Proximate Ana lyses . Samples of the various diets, excreta and 
livers were subj ected to several analyses . Gross energy was measured 
in a Parr adiabatic oxygen bomb calorimeter equipped with a calori­
meter control system and an electronic recorder. Determinations for 
moisture, nitrogen, ether extract and ash content were conducted with 
duplicate samples according to A . 0 .A.C. ( 19 70 )  procedures and results 
were expressed as a percentage of the dry weight. 
Amino Acid Determin ations . Sampl es (1 g) of finely ground control 
and fermented soybea ns were dried and the fat extracted . The sample 
was then hydrolyzed by refluxing with 200 ml of 6N HCl under a nitrogen 
. 0 atmosphere at ll0 C for 24 hours. A 10 ml aliquot of the hydrolyzates 
TABLE 3 .  ESSENTIAL AMINO ACID CONTENT OF DI ETS (%) 
Chick 
Dietary Protein Level 
Require-
mentsl 
Amino Acids 1 3% 1 5% 1 6% 17% 19% (0- 6  weeks ) 
Arginine 0 . 98 1 . 13 1 . 20 1 . 27 1. 42 1 . 40 
Cystine 0 . 23 0 . 26 0. 28 0 . 30 0 . 33 0 . 40 
Histidine 0 . 31 0 . 36 0 . 38 0 . 41 0 . 46 0 . 46 
Isol eucine 0 . 70 0 .81  0 .86 0 . 91 1 .02 0 .86 
Leucine 0 . 96 1. 11 1 . 18 1 . 25 1. 40 1 . 60 
Lysine 0 .84 0 . 97 1 .03 1 .09 1. 22 1 . 25 
Methionine ·0 . 18 0. 21 0. 22 0 . 24 0. 27 0 . 46 
Phenylala nine 0 . 64 0 . 73 0 . 78 0 . 82 0 . 92 0 . 80 
Threonine 0 . 52 0 . 60 0 . 64 0 . 68 0. 76 0.80 
Tryptophan 0 . 19 0 . 22 0. 23 0 . 25 0. 28 0 . 23 
Valine 0 . 64 0 . 73 0. 78 0. 82 0 . 92 1 .00 
1National Research Council ( 1971 ) . 




38 . 15 
Full-fat soybean ( 38 percent ) 
Alfalfa ( 18 percent ) 
Whey 
F ish meal 
Salt mix1 
Dicalc ium phosphate 
L imestone 
V i tamin supplement2 
DL-rnethi onine 





ME (Kcal/kg )  
Calc ium, percent 
Phosphorus, percent 
50 . 00 
2 . 00 
2. 00 
2 . 00 
0. 50 
2. 00 
2 . 00 
1 . 00 
0 . 10 




3, 192 . 30 
1 . 53 
0 .83 
1containing 97 percent NaCl plus other salts to provide 9 . 45 
percent Mn, 0. 50 percent Zn, 0. 17 percent Fe, 0. 05 percent Cu, 0. 01 
percent Co, 0. 01  percent I and 0. 3 percent S. 
2ro supply per kg of  diet:  5, 500 I . U .  vitamin A, 2, 200 I . c . u .  
vitamin  D 3, 22 I . U. vitamin E, 361 mcg Menadi one, 4 . 4  mg r iboflavin, 
8 . 8 mg pantothenic acid, 44 mg niac in, 507 mg choline, 8 .8 mcg cyan­
ocobalamine, 1 . 1  mg folic ac id, 0 . 11 mg biotin and 100 mg ethoxyquin. 
322 �m furazolidone per kg . 





Full-fat s oybean (38 percent) 
F ish meal 
Alfalfa meal 







Ca l culated a na lyses 
Protein , percent 
ME (Kcal/kg) 
Calcium, percent 
Phosphorus , percent 


















were evaporated to dryness and rinsed with deionized distilled water 
until free of HCl. The hydrolyzate was then  diluted with a 25 ml of 
sodium acetate buffer at a pH of 2.2. Analysis for amino ac ids was 
made with a Beckman Model 120C Amino Acid Analyzer. Tracings made by 
using amino ac ids of known concentrates provided standards to convert 
tracings of the samples to micromoles of amino acids per milliliter of 
sampl e. The results were reported as millimoles of amino ac ids per 
100 g sample. 
Statistical Procedures 
Experimental Design. All broiler experiments involved a facto-
rial arra ngement of  treatments in a randomized c omplete block design. 
Experimenta l design for the Jo p:r ncse quail studies were ba s i c:a J.l y a 
randomized complete block with three treatments in five blocks. 
Chick Randomization. Randomization procedures were adopted 
after culling out the excessively large , small and abnormal chicks. In 
the bro iler experiments , day old chicks were randomly distributed into 
various pens until the des ired number of birds was obtained. Treat­
ments were then applied to the pens using a table of random numbers. 
For the quail assays , 10-day old chicks were randomized to the pens 
without regard to sex for the growth studies ,  while randomization was 
made within sex from each treatment for the reproductive studies. 
Methods of  Biometrical Analysis. The main obj ectives of a 
series o f  bro iler experiments were to test for the fixed protein and 
cu lture effects and for any interaction that might exist between these 
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two factors. The replicates were intended to form blocks and were, in 
fact, chosen at random. Hence, replicate e ffects will be assumed to 
be random . 
All stati stical analyses in this report were based on pen 
averages. The foregoing remarks imply that, at the onset, there was 
no interest i n  the sampling error. Neither was there intere st in 
testing for replicate effect, replicate x protein interacti on e ffect, 
replicate x culture interaction effect and replicate x protein x cul­
ture interacti on e ffect. These subclass e ffects were considered to be 
random error e ffects. Therefore, these were used as the error term 
for testing all the effects of i nterest. 
On the assumption that the data would fi t Model III (Ostle , 
19 6 3) with protein and culture effects fixed and replicate e ffects 
random, a linear model and its component parts was constructed as 
follows: 
Y ijk = u + Pi + Cj + (PC)ij + Rk + (PR) ik + (CR\ k + (PCR) ij k  
+ Eijk 
i = 1 ,  - - - - -, p P =  prote i n  
j = 1 ,  - - , C C =  culture 
k =  1,  - - - - - , r R = replicate 
where ( 1 )  
y ij k = the average observation on the jth culture and the kth 
replicate and arising from the ith protein level, 
u. = the constant representing the mean of the population, 
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p .  = the true fixed effect of the ith l evel of factor P, 
c .  = the true fixed effect of the j th level of factor C, J 
(PC) . .  = the true fixed effect of the interaction of the ith l.J  
l evel of factor P with the j th l evel of factor c, 
Rk = the true random effect of the kth replicate, 
(PR) ik = the random error effect associated with the ith 
l evel of factor P and the kth repl icate, 
(CR) j k = the random error effect associated with the j th 
level of factor C and the kth replicate, 
(PCR) . . k = the random error effect associated with the i th l.J  
level of factor P,  j th l evel of factor C and the 
kth replicate , 
Eij k = the random error - effect associated with the 
observation Y . .  k l J  




(PC) · ·  l.J 
Rk are NID (O ,  oR2) 
(PR) ik are NID (O , o PR2) 
(CR) j k are NID (o ,  ocR2) 
(PCR) ij k are NID ( O ,  opcR
2) 
= � (PC) ij = 0 
j=l 
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The above linear model leads to the well-known analysis of 
variance associated with a P x C factorial with r replications per 
treatment combination (Ostle, 1 96 3). On the basis of the above Model 
III, the expected mean squares are given in Table 6 .  
A computer program available in the computer center, South 
Dakota Sta te University, was used in conducting the statistical 
analysis to test for protein, c ulture and protein x culture effects. 
Wherever appropriate, sig nificant results were further tested by the 
use of Dunnett' s  procedure (Steel and Torrie, 1 960 ). 
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TABLE 6 .  EXPECTED MEAN SQUARES BASED ON THE 
Source of Variation 
Prote in (P ) 
Culture (C) 
Replicate (R) 
p X C 
p X R 
C X R 
p X C X R 
CONSTRUCTED JvODEL I I I  
Expected Mean Squares 
o2 + PC o 2 
e R 
p C 
o2 + o2 + y � � (PC ) . ./ ( P - 1 ) ( C - 1 ) e PCR i= l j= l iJ  
02 + eo-2 e PR 
o2 + Po2 
e CR 
o2 + o 2 
e PCR 
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STUDIES WITH BROILERS 
Introduction 
The object of the first seven experiments was primarily to 
investigate if diets made with fungus-fermented s oybeans promote in­
creased chick growth and improved feed utilization. Cultures of 
Aspergillus species were selected on the basis of a prior history of 
beneficial effects (Semeniuk et al., 1971 ) .  Subsequently, three 
experiments were designed to identify the factor (s) inducing the 
stimulated chick growth. 
Experiment I 
Ma tcria :!. s  and Meth0ds. This experiment. was designed to examine 
the effects of two Aspergillus cultures (A. oryzae NRRL 2220 and A. 
sydowi NRRL A-12, 807 ) using three levels of dietary protein. 
The experiment consisted of a 3 x 3 factorial arrangement in a 
randomized complete block design (RCBD) . Broiler chicks were distri­
buted into three pens of 10 chicks each per treatment. The treatment 
replications were then randomly allocated to the pens with the re­
striction that each treatment was represented not more than twice at 
each level in the battery. Continuous lighting was provided during 
the entire experimental period. Body weights were individua lly 
measured as described in the previous section and the average weights 
determined for each period. Only the 4-week weight gain data were 
statistically a nalyzed and reported here. Feed efficiency was 
expres sed as grams of feed consumed per gram of weight gain and cal­
culated for each group and then averaged for each treatment. 
Results and Discuss ion. The effect of feeding the fermented 
soybeans on weight gains with the results of the statistical tests 
between trea trnents are s ummarized in Table 7 .  
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It was observed that only slight or incons istent growth 
responses were obtained from the dietary treatments. The statistical 
analysis showed that neither the main effects nor any of their inter­
actions were significant. However, there was an indication of a linear 
response to protein levels using the NRRL 2220  fermented soybeans. 
Feed utilization data are shown in Table 8 .  It was noted in 
compa ring control with treatment diets tha t chicks fed the diets made 
with fermented soybeans had somewhat superior feed efficiencies . How­
ever, the magnitudes of the effects from cultured diets were not great 
enough to show statis tical differences. These data s uggest, neverthe­
less ,  that fermented soybean diets could be fed to achieve s uperior 
feed conversions. 
Mortality was not affected by the dietary treatments , only four 
chicks died in this exper�1ent. Subsequent data from crude protein 
and amino acid analyses of the control and cultured s oybeans used in 
this experiment (Table 9 )  revealed that the cultured s oybean prepara­
tions were consistently higher in total protein content and some 
essential amino acids. This quantitative change in amino acid compo­
sition. may have enhanced chick performance. 
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R x p 
R X C 
























Analysis of Variance 
ss 
1,245. 1 
21, 63.3. 8 
2, 877. 4 
8 , 604. 5 
10, 024 . 4  
4, 804. 5 
24, 165. 4 
A .  sydowi 





MS " F" 
622. 6 
10, 816. 9 5. 03 
1 ,438 .7 0. 57 
2, 152. 1 
2, 506. 1 
1,201. 1 0. 40 
3,020. 7 
values represent the average of three replicates of 10 
each . 
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TABLE 8 .  EFFECT OF FERMENTED SOYBEANS ON FEED EFFICIENCY1 
(FEED/GAIN RATIOS) 
Experiment I 
Protein A. oryzae A. sydowi 
Level Control NRRL 2220 NRRL A-1 2, 80 7  X 
1 5 % 1.88 1.7 5 1.80 1.8 1 
17% 1. 64 1. 65 1. 5 9 1. 63 
19% 1. 68 1. 5 5 1. 11  1. 65 
X 1. 73 1. 65 1. 10 1. 69 
Analys is of Variance 
Source df  ss MS "F" 
Replicate 2 0. 00 68 0 .0034 
Protein 2 0 . 18 53 0 . 9927 
Culture 2 Q.0300 0 .0 1 50  1.88 
R X  p 4 0 .0 534 0 .0 133 
R X C 4 0 .0319 0 .0080 
p X C 4 0 .0 4 58 Q.0 1 1 5 0 . 85 
Error 8 0 . 10 78 0 .0 13 5  
1Results are the average of triplicate groups of 10 chicks each. 
*Indicates s ignificance at P<0 .0 5 .  
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TABLE 9. ESSENTIAL AMINO ACIDS IN FERMENTED SOYBEANS1 
( mMoles/100 g SOYBEANS ) 
Experiment I 
A. oryzae A .  sydowi 
Amino Acid Control NRRL 2220 NRRL A -12, 807 
Arginine 16. 0  17 . 5  1 8. 0  
Histidine 8.5 8. 0 s . o  
Isoleucine 16. 0  15.5 17. 0 
Leucine 23 . 5  29. 0 31. 5 
Lysine 1 8 . 5  20. 0 21 . 0  
Methionine 4 . 5 4. 5 5 . 0  
Phenylalanine 15 . 0  15. 5 17. 0 
Threonine 1 6. 5  1 6 . 5  18. 0 
Valine 17 . 0  18 . 5  20 . 0  
Glycine 31. 0 - 27. 0 29 - 5  
Protein, percent 42 - 8  43. 8 44. 0 
!Measured by Beckman 120C Auto Analyzer. 
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E xperiments I I  and I I I  
Materials and Methods. It  was suggested in the f irst experi­
ment that the s oybeans fermented with A.  oryzae 2220 a llowed the chicks 
to grow faster and with superior feed convers ion on the 15 percent and 
19 percent protein diets. Therefore , it was decided to re-examine 
this culture together with cultures of A. clavatus NRRL 4 a nd A. 
oryzae NRRL 696. Following this , preparations of A. flavus NRRL 450 , 
A. flavus NRRL A-14 , 304 and A. sydowi NRRL 242 were evaluated. 
The experimental designs were RCBD with 1 2  treatments arising 
from a 4 x 3 factorial (4 cultures x 3 protein levels) . 
Because of the potential differential effect of dietary protein 
in these studies , nitrogen effic iency, dry matter digestibil ity and 
metabolizable energy (M . E . )  determinations were made by the following 
pr_ocedures. During the last three days of the· 28-day experimental 
periods , samples of excreta were taken over a period of 24 hours , 
weighed quantitatively at each collection time and oven-dried at 
98-100° C. Upon completion of the drying process , the excreta were 
ground in a Wiley mill and, together with feed samples , assa yed for 
nitrogen , dry matter and energy. From these data, nitrogen efficiency, 
dry matter digestibility and M . E. were determined. The formulas used 
for determination of M. E .  were those shown by Sibbald et .§1_. (1960 
and 1963) . 
Class ica l  M. E .  per g of feed (Kcal) = G.E./g feed -
/ wt . of excreta voided (G. E. g excreta x wt. of feed consumed ( g  
Corrected M. E. per g of feed (Kcal) = Classical M. E. -
(G. N./g feed _ (G .N . /g excreta wt. of excreta voided x wt. of f d d ( ee  consume g 
where 
G. E. = · gross e nergy and G.N. = gross nitrogen. 
X 8. 73) 
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For the growing birds the factor 8. 73 was used in making the nitrogen 
correction. This is the factor proposed by Titus (1959 } ,  a correction 
for nitrogen retained in the body whe n catabolized to supply energy. 
This would be excreted in the form of products having a value of 8. 73 
Kcal/g nitrogen. 
Other experimental procedures were the same as described in the 
first experiment. 
Results and Discussion. The average weight gain data of the 
two experiments and a compilation of the perce ntage chick growth re­
sponses for �ach of the cultures tested are given in Tables 10 and 11. 
It can be seen  from the data that the rate of chick growth was markedly 
superior for each of the fermented diets as compared to that of the 
controls. I n  addition, there was greater enhancement of weight gains 
by the fermented soybean diets at the low protein levels . The analy­
sis of variance confirmed the above observations that there were 
significant variations associated with cultures (P<0. 01) and protein 
levels (P<0.05 or P<0 .0 1). It was also observed that the interaction 
of protein x culture in Experiment I I I  was statistically significant 
(P<0 . 05) , indicating that increasing protein levels in the diets re­
duced the response obtained from the cultured soybeans. The results 
TABLE 10 . EFFECT OF FEEDING CULTURED SOYBEANS ON CHICK 
WEIGHT GAINS AND PERCENTAGE RESPONSEsl 
Experiment II 
Protein A. clavatus A . oryzae A .  oryzae 
Level Control NRRL 4 NRRL 696 NRRL 2220 
15% 41 1 451 460 442 
(9 . 7 ) 2 (11 . 9 ) (7 . 5 )  
17% 434 453 482 467 
(4 . 4) (11 . 1 )  (7 . 6 )  
19% 478 485 488 484 
( 1 . 5 )  (2 . 1 ) (1 . 3 ) 
- 3  X 441 463* 477** 464* 
(5 . 2 ) (8 .4 )  (5 . 5 )  
Analysis of Variance 
Source df ss MS 
Replicate 2 491 . 9 246 . 0  
Protein 2 9, 821 . 0  4, 910 . 5  
Culture 3 - 5,772 . 1  1, 924 . 0  
R X p 4 1, 214 . 8  303 . 7  
R X  C 6 757 . 0  126 . 2 
p X C 6 2,058 . 5  343 . 1  
Error 12 2, 702 . 8  225 . 2  




(9 .7)  
459 
(7 . 7 )  
484 
(1 . 6 )  
461 
(6 .4 )  




15 . 3  
1 . 52 
2The figures in the parenthesis represent percentage responses 
f or the cultures . 
diet . 
3No superscript indicates dif ference is not significant . 
*Indicates signif icance at P<0 . 05 .  
· **I ndicates significance at P<0 . 01 as compared to the control 
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TABLE 1 1 . EFFECT OF FEEDING CULTURED SOYBEANS ON CHICK GAINS 
AND PERCENTAGE RESPONSES (4-WEEK, g) l 
Experiment III 
Protein A. f lavus A. f lavus A. sydowi 
Level Control NRRL 450 NRRL A-14, 304 NRRL 242 
1 5% 418 517 496 491 
(23. 7 ) 2 (18.7 ) (17. 5 )  
17% 457 518 539 494 
(13. 3 )  (17 . 9 ) (8. 1 )  
1 9% 512 552 571 548 
(7 . 8 ) (1 1 . 5 )  (7. 0) 
-
462 529* 535 ** 5 1 1* 
(14. 9 )  (16.0 )  (10. 9 )  
Analysis  of  Variance 
Source df  ss  
268. 5 Repl icate 2 536 - 9  
Protein 
Culture 
R X p 
R X  C 
P x C 
Error 
2 69, 545. 5 34, 772. 7 
3 93, 341.7  3 1 , 1 13 � 9  
4 10, 357. 4 2, 589.4 
6 3, 553. 3 592 - 2  
6 35, 568. 8 5, 928 - 1  
1 2  19, 302.4 1 , 608. 5 
lrhree groups of 10 chicks per treatment. 
2Percentage response. 





(13. 1 )  
546 
( 8.7 ) 
509 
(10. 2 ) 
"F" 
**Indicates signi ficance at P<0.01 as compared to the control 
diet. 
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at the 1 5  percent protein level for A. flavus NRRL 450 and A. sydowi 
NRRL 242 cultures contribute heavily to this interaction. As  noted in 
the table, an average of all cultures showed the response to be 9 .1 
percent, 7 . 7 percent and 1. 6 percent, respectively, for the 1 5, 17 
and 19 percent protein levels in Experiment I I. Values from Experi­
ment I I I  of 20.0 percent, 13.1 percent and 8 .7 percent were observed 
for the same protein series. Thus, the greatest growth promoting 
activities were again shown with the lowest level of protein. 
Data given in Tables 12 and 13  show that the cult ured soybean 
diets gave significant improvements in feed utilization for both 
experiments. Analysis of variance for these data a lso showed sig­
nificant effects due to protein level s (P<0 .0 1 )  and cultures (P<0 .0 5 ) .  
However, there was no evidence of any interactions between culture and 
protein level. 
Another observation of the feed consumption data indicates 
that, as the level of dietary protein was lowered, the chicks reduced 
their voluntary total feed intake. This, in turn, probably caused 
further growth retardation. Such effects have been observed elsewhere 
(Donaldson et tl· , 195 6; Combs, 19 65) . Their work showed that chang­
ing the level of dietary protein per §.§., without changing quality, 
reduced the voluntary feed intake of broilers fed isocaloric diets. 
The data on nitrogen and dry matter utilization are presented 
in Tables 14 and 15. Some of the nitrogen efficiency data suggest 
that the chicks responded to a factor(s) in the culture other than just 
increased protein levels. This was evident in Experiment III where the 
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TABLE 12. EFFECT OF FERJvtENTED SOYBEANS ON FEED EFF ICIENCY 
(FEED/GAIN RATIOS ) 
Experiment II 
Protein A. c lavatus A. oryzae A . oryzae 
Level  Control NRRL 4 NRRL 696 NRRL 2220 X 
15% 1 . 87 1 . 77 1 . 66 1 . 12 1 . 76 
17% 1 . 85 1 .75 1 . 60 1 . 69 1 .72 
1 9% 1 . 72 1. 66 1 . 63 1 . 61 1 . 66 
x 1 . 81  1 . 73* l . 63� 1 . 61* 1 .77 
Analysis of Variance 
Source df ss MS "F"  
Replicate 2 0.0037 0 . 0019 
Protein 2 0 .0605 0 .0302 43.7� 
Culture 3 0. 1 654 0 . 0551 4 . 5* 
R X  P 4 0 . 0028 0. 0007 
R x C 6 0.0074 0. 0012 
P X C 6 0.021 7  0 .0036 1 .4  
Error 12 0 .0322 0 . 0027 
*Indicates significance  at P<0.05. 
**Indicates significance at P<0.01 as compared to the c ontrol 
diet. 
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TABLE 13. EFFECT OF FERMENTED SOYBEANS ON FEED EFFICIENCY 
(FEED/GAIN RATIOS) 
Expe:riment I I I  
Protein A. flavus A. flavus A. sydowi 
Level Control NRRL 450 NRRL A -14 , 304 NRRL 242 X 
15% 2. 32 1 .76 1 - 82 2. 05  1 . 99 
17% 1 . 87 1.  76 1 . 1 1  1 . 86 1 . 80 
1 9% 1 .78  1.68 1 .68 1 . 1 1  1.71  
X 1 . 99 l.73� l. 74� 1 . s1* 1 . 83 
Analysis of Variance 
Source df ss MS "F" 
Replicate 2 0. 0614 o. 0307 
Protein 2 Q.4707 Q. 2353 12. 8
** 
Cu.l ture 3 0. 4106 0. 1369 6. 3* 
R X  p 4 0. 0736 o. 0184 
R X  C 6 0. 1 31 1  Q. 0219 
p X C 6 0. 2452 Q.0409 1 . 8  
Error 12  0.2670 0. 0222 
*Indicates signi ficance at P<0. 05. 
**Indicates s ignificance at P<0.01 as compared to the control 
diet. 
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TABLE 14 . EFFECT OF CULTURED SOYBEANS ON RELATIVE EFFICIENCY 
OF NITRCGEN UTILIZATION1 (%)  
Experiment II 
Protein A. clavatus A. oryzae A. oryzae 
Level Control NRRL 4 NRRL 696 NRRL 2220 X 
15% 20. 23 23. 23 34 . 65 25. 25 25. 84 
17% 26. 20 29 . 69 26 . 00 30 . 80 28. 17 
19% 28 .46 28. 10 27 . 61 30 . 77 28.74 
X 24. 96 27. 01 29 - 42 28 . 94 27. 58 
Experiment III 
Protein A. flavus A. flavus A. sydowi 
Level Cont!'Ol NRRL 450 NRRL A-14, 304 NRRL 242 X 
15% 30 . 80 28.76 29 - 84 24 . 86 28 ,57 
17% 28 - 26 33 . 13 26 .73  25. 29 28. 35 
19% 23. 1 3 25. 52 26 . 78 25 -42 25. 21 
X 27 . 40 29 - 14 27 . 78 25 . 19 27. 38 
lNitrogen utilization was measured during the last three days 
of each experiment. 













TABLE 15. EFFECT OF CULTURED SOYBEANS ON DRY MATTER 
DIGESTIBILITYl (%) 
Experiment I I  
A .  clavatus A. oryzae A. oryzae 
Control NRRL 4 NRRL 696 NRRL 2220 
52. 56 54. 35 58. 22 59. 60 
50. 35 55. 76 56. 65 58. 45 
49. 45 49. 33 55. 31 57. 73  
50. 79 53. 15 56. 73 58. 59 
Experiment I I I  
A. flavus A.  flavus A. sydowi 
Control NRRL 450 NP..RL A -14 ,  304 NRRL 242 
66. 97 68.33 68. 23 65. 00 
62. 86 69 . 35 63. 69 64. 16 
58. 53 62.42 62. 92 61. 65 












lnry matter d igestibility was determined during the last three 
days of the 28-day experimental period. 
(Wt . dry f eed consumed - Wt. dry excreta� 
X 100. Wt. dry f eed consumed 
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control chicks on the lower protein diets had higher nitrogen utili­
zation val ues than the chicks fed cul tured soybeans. Except for this 
instance, chicks that received cul tured soybeans utilized dietary 
n itrogen more effectively than birds fed control diets. Dry matter 
digestibil ity was somewhat more consistently  superior for the chicks 
fed cultured soybeans, particularly in Experiment II. These data sug­
gest that some substantial changes in availability of nutrients had 
occurred in the cultured soybeans. 
The calculated M.E . values of the cultured soybean diets al ong 
with the control s for each experiment are pre sented in Table  1 6 . It 
should be pointed  out that the M. E. val ues pertain to the e ntire d iet 
a nd not to the soybeans cont� ined therein. · M. E. determination was 
considered  important in these studies because it permits a d irect 
study of caloric utilization . It was of interest to note from the 
data that there was no maj or effect of prote in levels  upon M. E . values.  
However, consistent differences were noted in M. E. values between  diets 
containing fermented  soybeans and their respective control s. These 
findings are not original but important because they provide indi­
cations that amino acid deficiencies or excesses have l ittle direct 
effect upon M. E .  values when corrected to nitrogen equil ibrium. This 
supports the findings of Sibbald et al. (1 963) who al so reported that 
neither protein qual ity nor source of protein supplements infl uenced 
corrected M . E .  data when determined at the end of a 2-week  experimental 
period .  Similar observations were al so made by Carew and Hil l (19 6 1)  
using a methionine deficient diet. Pre sented  in  Table 17  are the 
. !  
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TABLE 1 6 .  METABOLIZABLE ENERGY VALUES (Kcal/g) OF EXPERIMENTAL 
DIETS AS AFFECTED BY FERMENTED SOYBEANS 
Experiment II  
Protein A. clavatus A. oryzae A.  oryzae 
Level Control NRRL 4 NRRL 6 9 6 NRRL 2 2 20 X 
15 % 2. 6 1 2 . 78 2 .84 2. 7 4  2 - 74 
1 7 % 2 . 6 5  2. 91 2 -8 9  2.8 2 2 .8 2  
1 9% 2. 6 5  2.84 2 -8 7  2.8 9 2.8 1 
X 2. 64 2.84 2 -8 7  2 .8 2  2 . 7 9 
Experiment II I 
Protein A. fl avus A. flavus A. sydowi 
Level Control NRRL 450 NRRL A - 14 , ·  30 4 NRRL 242 X 
1 5 % 2.5 5 2.8 1 2.8 0  2. 6 8  2. 7 1  
1 7 % 2. 5 2  2. 97 2. 78 2. 6 6 2 . 73 
1 9% 2.5 3 2.83  2.8 0 2. 74 2 . 73 
X 2 . 5 3  2.8 7 2 . 19 2 . 6 9 2 . 12 
TABLE 17. PROXIMATE ANALYSES OF THE CONTROL AND 
CULTURED SOYBEANsl 
Exper iment II 
A. clavatus A. oryza e 
Parameter Control NRRL 4 NRRL 696 
% moisture 6. 62 6. 24 6. 55 
% protein 42. 81 45. 74 46. 29 
% ether extract 22. 07 21. 64 23. 03 
% ash  4. 36 4. 49 5.04 
G. E. (Kcal/g) 5. 44 5. 57 5. 59 
Exper iment III 
A .  flavus A. flavus 
Parameter Control NRRL 450 NRRL A-14, 304 
% moisture 6. 1 2  6. 57 6. 52 
% protein  40- 90 43. 68 43. 22 
% ether extract 21. 65 21 - 19 20. 15 
% ash 4. 34 4. 81 4.75 
G. E. (Kca l/g) 5. 38 5. 56 5. 40 

















proximate analysis data of control and cultured soybeans for each 
trial . The amount of moisture was somewhat variable. The data also 
show that there was considerable variability between the several soy­
bean samples with respect to protein, ash and combustible energy con­
tent. In all cases, these criteria were somewhat higher for each of 
the cultured soybeans than that observed for the controls. These 
differences could account, at least in part, for some of the pos itive 
growth effects obtained. 
Losses due to mortality were of no consequence in Experiment II. 
Unexpectedly, however, considerable mortality was encountered among 
the control birds in Experiment III. About a week after the initi­
ation of the experiment, several chicks in the control 15 percent 
protein diet exhibited a somewhat typical polyneuritis characterized 
by a " star-gazing" position. Upon injecting two to three mg thiamine, 
such chicks quickly recovered. Therefore, all diets were inm1ediately 
supplemented with twice the required (3. 6 mg/kg) level of thiamine. 
The lack of polyneuritis symptoms in chicks fed cultured soybeans in­
dicated that the cultures were presumably synthesizing thiamine. A 
further study would be necessary to evaluate this possibility. The 
final mortality data showed losses of 36. 7 percent, 6. 7 percent and 
3. 3 percent for the 15, 17 and 19 percent protein series, respectively .  
The essential amino acid composition data are shown in Tables 1 8 
and 1 9. As witnessed in Experiment I, the data indicate that fungus­
fermented soybeans were superior to the control s  in several essential 
amino acids, particularly arginine, lysi"ne, threonine and valine . 
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TABLE 18. ESSENTIAL AMINO ACIDS IN FERJvlENTED SOYBEANs l 
(mMoles/100 g SOYBEAN S ) 
Experiment I I  
A .  c lavatus A.  oryza e A. oryzae 
Amino Acid Control NRRL 4 NRRL 696 NRRL 2220 
Arginine 1 6. 5 19.0 18. 5 20 . 5  
Histidine 8 .0 6 . 5  10. 5 8. 5 
Isoleucine 1 5 . 5  13. 5  18 . 5  17 . 0  
Leucine 28 . 5  24 . 5  30.0 31 . 5  
Lysine 14.0 18.0 19. 5 1 9 . 0  
Methionine 4.0 5. 0 4. 0 5 . 0  
Phenyla lanine 12. 5 15. 0 17. 5 1 5 . 5  
Threonine 1 5. 0  18.0 17 . 5  18. 0 
Va l ine 17 . 5  19. 5 21 . 5  19. 5 
Glycine 25. 0 31 .0 28. 5 29 - 5  
1Measured by Beckman 120C Auto Ana lyzer. 
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TABLE 1 9 . ESSENTIAL AMINO ACIDS IN FERMENTED SOYBEANS
l 
(mMoles/1 00 g SOYBEANS )  
Experiment III 
A. f lavus A .  flavus A .  sydowi 
Amino Acid Control NRRL 450 NRRL A -1 4
, 30 4 NRRL 242 
Arginine 1 9 . 5 20 . 5 
20 . 5 1 1 .0 
Histidine 8 . 5  1 .0 
9 .0 6.0 
I sol eucine 1 4 .0 17 . 5  
1 5 .0 1 1 .0 
Leucine 27 . o  31 - 5  
27 . o 29 - 5 
Lysine 18 . 5  21 .0 
20 . 5  1 1 .0 
Methionine 4 . 5  5 .0 
4 . 5 5 .0 
Phenyla l anine 14. 5  1 7 - 5  
1 s . o  1 1.0 
Threonine 1 5 . 5  1 s . o  
1 5 . 5 17 . 5  
Val ine 1 6 .0 20 .
5 17 . 5 20.0 
Glycine 29.0 29 - 5 
33.0 29.0 
1 Measured by Beckman 120 C  Auto Analyzer. 
It is well-known that the nutritional value of a protein is 
determined prima rily by its amino acid balance ,  both quantitatively  
54 
and qualitatively (Harper , 1 965; Sugahara et a l . ,  1969) .  For example , 
Crornwe 11 et tl. ( 1968 ) reported that chick diets con ta in ing more a de ­
quc1 te amounts of lys ine and methionine produced faster and more 
e fficient weight gains than the controls. In view of the nutritional 
significance of amino acid combinations and of l imiting amino acids in 
the efficiency of protein utilization , the additiona l amounts of es­
sential amino a cids in the cultured soybeans are considered to be 
la rgely responsible for the superior growth and more efficient feed 
conversion they promoted. A further study is needed to esta blish these 
effects. 
Experiments IV and V 
Ma teria l s  and Jvlethods . Evidence was obtained from the previous 
experiments that  growth-promoting a ctivities were greater with the 
lower protein diets. Therefore , experimental diets for the two studies 
discussed  herein were formula ted to yield even lower protein levels 
( 13 ,  16 a nd 19 percent protein) to find out if they would affect a 
greater growth enhancement of chicks . The experimenta l design con­
sisted of factorial arrangements in a randomized block with four repli­
cations of seven birds used per treatment . Soybean cultures included 
in Experiment IV were A. oryza e NRRL 451 ,  A.  oryzae NRRL 506 , A. 
candidus NRRL 1720 and A. restrictus NRRL 147 , while the first three 
cul hires were reexamined in Experiment V .  A l l  other details with 
respect to materials and methods were similar to thos e described 
for the earlier experiments. 
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Further information on carcass analysis was obtained in Experi­
ment IV. Proximal analys es were mad e of the carcass es of two chicks , 
the heaviest  and lightest, from each replicate within treatment upon 
termination of the experiment. The chicks were frozen until need ed 
and then prepared for analysis by the following procedure. Sample 
birds were chopped into small pieces, the flight feathers being cut 
with a pair of scissors ,  and placed in an electric meat grind er. With­
out cleaning the machine, birds of the same pen were ground and the 
material pass i ng through the machine was collected. By grinding one 
bird from the fol l owing pen in order to " dir·ty1 ' the machine  be fore the 
samples of the ground group were drawn, it was hoped that errors re­
sulting from the adherence of tissue to the grinder would be reduced to 
a minimum . Two homogeneous samples weighing approximately 100 g were 
taken from the ground material of each group of birds . The s amples 
were placed in weighed aluminum dishes and freeze-dried . Weight loss 
of the samples was recorded. The dry material was further ground by 
passing it through a Wi l ey mill. The ground dry material was stored 
in 25 0 ml glass j ars with screw caps until analyses were made accord­
ing to A . O. A. C. procedures (19 70 ) .  
Results and Discuss ion. Average body weight data for the 
respective studies are sunmrarized in Tables 20 and 21 . I n  Experiment 
IV, the chicks fed fermented soybean diets grew mor e  rapidly than the 
controls. The s tatistical analysis of the data s howed highly 
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TABLE 20 . EFFECT OF FERJ\'lE TED SOYBEANS ON CHICK GROWTH AND PERCENTAGE 
RESP 1�SESl (AVERAGE 4-WEEK WEIGHT, g )  
Experiment IV 
Protein A .  oryzae A . oryzae A .  candidus A . restri ctus 









R X  p 
R X  C 
P x C 
Error 
452 462 473 
( 9 . 4 ) 2 ( 11 . 9 ) ( 14 . 5 )  
523 541 518 
( 6 . 3 )  ( 10 . 0 ) ( 5 . 3 )  
596 591 574 
( 6 . 2) ( 5 . 3 ) (2 . 3 )  
524* 531** 522* 
( 7 . 3 ) ( 9 . 1 ) (7  . 4 )  
A�a lvsis of Variance  
df  ss MS 
3 7, 238. 2 _ 2 , 412 . 7  
2 171 , 833 . 8  85 , 916 . 9  
4 1 3 , 805 . 2  3, 451 . 3  
6 3 , 295 . 4  549 . 2  
12  13 , 909. 5 1, 159 . 1  
8 3 , 842 - 2 480 . 3  
24 24, 018 . 8  1 , 000 . 8  
455 451 
( 10 . 2 )  (11 . 5 )  
540 523 
( 9 . 8 )  (7 . 9 )  
587 582 
(4. 6 ) (4 . 6 )  
527* 519 
(8 . 2 ) (8 . 0 ) 
II F" 
156. 4** 
3 . 0* 
0 . 5  
lEach value represents the mean from four replicates o f  seven 
mal e chicks . 
2Percentage respons es. 
*Indicates significance  at P<0 . 05 . 
. �Indicates significance at P<O . 01 as compar-ed to the control 
diet. 
TABLE 21.  EFFECT OF FEEDING CULTURED SOYBEANS ON CHICK GAINS AND 
PERCENTAGE RESPONSES1 (AVERAGE 4-WEEK WEIGHT , g)  
Experiment V 
Protein A. oryza e A. oryzae 
A. candidus 
Level Control NRRL 451 NRRL 506 
NRRL 1720 
1 3% 433 472 486 
465 
(9.0) 2 (12 . 2) (7 . 4 ) 
1 6% 520 530 560-
540 
(1. 9) (7. 7 )  (3 . 8 )  
1 9%  565 585 607 
577 
(3. 5 )  (7 . 4 ) (2. 1 )  
X 506 529* 551
** 527* 
(4. 8 )  (9. 1 ) (4.4 )  
Ana lysis o f  Varia nce 
Source df ss 
MS 
3. 37 1 . 3  
Replicate 3 10 , 1 14 . 0  
Protein 
Culture 
R X  p 
R X  C 
p X C 
Error 
2 1 16 , 618. 7  58 , 309. 3 
3 12 , 134.2 4 , 0�4. 7 
6 5 , 923 - 8  987. 3 
9 2 , 810. 0  312 - 2  
6 1 , 146. 2 1 91 . 0  
1 8  12 , 724. 1 706 . 9 
1Mea n  of four replicate s  of s even male ch
icks. 
2Percenta ge responses .  




(9. 5)  
538 
(4.5 )  
584 
(4. 3 )  
528 
(6. 1 )  
" F" 
0. 3 
�Indicates significance at  P<0.01 as compa r
ed to the control 
diet. 
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significant (P<0. 01) differences in terms of cu
ltures and protein 
levels  with the interaction between them not qu
ite significant 
(P>0 . 05 ) .  The average percentage growth activi
ties of the chicks on 
the cultured diets over the controls were 11. 5 pe
rcent, 7 . 9  percent 
and 4 . 6  percent for the 13, 16 and 19 percent p
rotein series for 
Experiment IV and from Experiment V, 9. 5 percent
, 4 . 5  percent and 
4. 3 percent for the same protein levels. The 
average 4-week gains 
of the chicks in Experiment V were in good a g
reement with the resul ts 
obtained from identical cultures in Experim
ent IV. The percentage 
weight gains from these two experiments aga
in largely  confirm the 
observations made in the earlier experiment
s in that the greatest 
responses  wer8 found with the l �west level
 of  protein. On the basis 
of  the growth-promoting activities in thes
e two tria_ls, the practical 
implications of these fermented soybeans 
seems to be quite promising. 
From the data presented in Tables 22 an
d 23 the improvements 
in feed efficiencies are again evident an
d consistently superior for 
the fermented soybean diets compared to th
e controls. The analysis 
of variance of  the data confirmed this ob
servation ( P<0 .05 ) for cul ­
tures as wel l  as protein levels. Furtherm
ore, there was the same 
general tendency in that the relative imp
rovements were greatest on 
the lowest protein diets. 
Table 24 shows the carcass analysis d
ata for Experiment IV. 
These results indicate that diets made w
ith cultured soybeans produced 
chicks with significantly (P<0.05 ) hig
her protein and ash contents and 
TABLE 22. EFFECT OF CULTURED SOYBEANS ON FEED EFFICIENCYl 
( FEED/GA IN RATIOS) 
Experiment IV 
Protein A. oryzae A. oryzae A. candidus A .  restrictus 
Level Control NRRL 451 NRRL 506 NRRL 1720 NRRL 147 
13% 2. 01 1 . 96 1 . 83 1 . 93 2. 04 
16% 1 . 98 1 . 79 1 . 76 1. 82 1 . 80 
19% 1 . 88 1 . 73 1 .66 1 . 75 1 - 68 
X 1.96 1. 83* 1 .75** 1 . 83* 1 . 84* 
Ana lysis of Variance 
Source df ss 














0 . 0044 
Protein 
Culture 
R X p 
R X  C 





1 2  
8 
24 
lMean of the a verage of four repl i cates of seven chicks. 
*Indicates s igni ficance at P<0.05. 
5 9  
X 
1. 95 
1 . 83 
1 . 74 
1 . 84 
"F"  
**Indicates signi ficance at  P<0.01 as  compared to the control 
diet. 
TABLE 23 . EFFECT OF CULTURED SOYBEANS ON FEED EFFICIENCY 
(FEED/GAIN RATIOS ) 
Experiment V 
Protein A .  oryzae A .  oryzae A. candidus 
Level Control NRRL 451 NRRL 506 NRRL 1720 
13% 2 . 17 1 . 77 1 . 83 2 . 0 1  
16% 1 . 90 1 . 69 1 . 19 1 . 82 
19% 1 . 72 1 . 68 1 . 64 1 . 1 1  
X 1 . 93 1 .  71* 1 . 75* 1 .85 
Analysis of Variance 
Source df ss MS 
Repl.i.ca te 3 0 . 2381 0 . 0794 
Protein 2 0 . 7 178 0 . 3589 
Cul ture 3 0 . 4094 0 . 1365 
R X p 6 0 . 3614 0 . 0602 
R X  C 9 0 . 3080 0 . 0342 
p X C 6 0 . 6193 0. 1032 
Error 18 1. 2066 0 . 0670 
*Indicates significance at P<0. 05. 
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X 
1 . 95 
1 .80 
1 . 69 
1 . 81 
"F"  
6. 0* 
4 . 0* 
1 . 5 
**Indicates significance at P<0. 01 as compared to the control 
diet . 
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TABLE 24. CARCASS PROXIMAL ANALYSIS DATA (%) 1 
Protein A .  oryzae 



















59 . 83 
59. 47 a 
47. 15 
44. 50 
45 . 99 
45. 88a 
41. 18 












37 . 99 
34. 29 
38. 68b 
42 . 58 
45. 29 
46 . 48 








A .  cand idus 
NRRL 1720 
Moisture2 












47 . 66 
46 . 39b 






57 . 67 






47 . 61 






A. restr ictus 







38. 15  
42. 28 b 
46. 50 
47 . 40 
48. 26 
47. 39b 
7 . 98 
8. ll 
8 . 28 






41 . 82 
40. 42 









1Each value represents the average o f  duplicate samples per 
repli cate. 
2Moi sture (percent of total carcass ) - -based on water loss upon 
1 yophil i za tion. 
3Fat, protein and ash were determined based on percent of dry 
weight. 
4within each  parameter, means not having common letter super­
scr ipts were s igni ficantly different at the five percent level of 
proba,bili ty . 
s ignificantly (P<0.05) lower total lipids than the control diets. 
Thus , chicks receiving cultured soybeans appeared to pr oduce a car­
cass of higher nutritional value. 
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Subsequent data on the essential amino acids of the cultured 
soybeans (Table 25 ) indicated once again that the growth-stimulating 
preparations were consistently higher in s everal essential amino acids 
than were the control soybeans. For example, each of the fungus­
fermented s oybeans contained substantially more lys ine, a mos t  limit­
ing amino acid for broilers. This further suggested that much of the 
growth-promoting capability of soybeans is a function of amino acid 
balance • 
.Mortality again was not affected by the dietary treatments in  
these s tudies. 
Experiments VI and VI I 
Materials and Methods . The present experiments were des igned to 
further s ubstantiate the beneficial effect of Aspergillus cultures on 
broiler growth. 
Cultures of A. aurecornus NRRL 391 , A. elegans NRRL 485 0,  A .  
fischer i NRRL 185 and A. tamarii NRRL 434 were evaluated in Experiment 
VI. Following this, Experiment VI I was initiated to study the response 
to cultures of A. j anus NRRL 1935 , A. fischeri  NRRL 18 1 ,  A .  niger 
NRRL A- 1 42 and A .  niger NRRL A-314. The s ame general experimental 
procedures used for the previous s tudies were followed. 
TABLE 25. ESSENTIAL AMINO ACIDS IN FERMENTED SOYBEANS 1 
(rnMoles/100 g SOYBE ANS) 
Experiment IV 
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A. oryzae A. oryzae A. candidus A. restrictus 
Amino Acid Control NRRL 451 NRRL 506 NRRL 1720 NRRL 147 
Arginine 1 8. 1 20. 9 21. 8  20. 2  21.4 
Histidine 10.7 10.7 1 1 . 7  1 3. 3 9. 9 
Isoleucine 18. 3 20.7  18. 9 21 . 0  17.4 
Leucine 32. 3 35. 1 42.4 33. 4 29. 6 
Lysine 1 9 . 8 22. 8 21. 6 21 . 1  21. 9 
Methionine 4. 2 4.4 3. 9 5. 0 4.5 
Phenylalanine 15. 5 17.6 1 6. 7  16. 5 15. 6 
Threonine 16. 8 20. 0 18. 8  1 8. 2  17. 3 
Valine 18. 2  21. 7 25. 7 23. 5 20.5  
Glycine 27. 8  32. 6 3 1. 5 30. 1 28.5 
lMeasured by Beckman 120C Auto Analyzer. 
Results and Discuss ion. The average growth data of the two 
experiments along with percentage responses from chicks fed the 
respective cultures are shown in Tables 26 and 27. 
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As shown in Table 26 , a cons istent growth response was observed 
from A. aurecomus NRRL 391 , whereas the other cultured soybean diets 
were of questionable effect. It is, however ,  very evident from Table 
27 that the chicks fed the indicated fermented soybeans gave con­
s istently greater weight gains than control chicks , particularl y  for 
cultures of A. janus NRRL 1935 (P<0. 01) and A. niger NRRL A-142 
(P<0.05) . Analys is of variance of the data also revealed s igni ficant 
variations associated with protein level (P<0.01) and culture ( P<0.05) 
in both us says. A highly signi ficant intera ction (P<0. 01) of  culture 
x protein level was also noticed for growth in Experiment VI.  Ex­
amination of the data indicates that the 1 3  percent and 16  percent 
protein levels i n  A. aurecornus NRRL 391 and the 13 percent prote in in 
A. elegans NRRL 4850 contributed heavily to this interaction. 
Examination of the data presented in Tables 28 and 29 ind i­
cates, in general , that those fermented soybean diets which proved to 
· be beneficial for growth supported feed e f fici ency superior to that of 
the controls. Highly significant (P<0. 01) variations were shown 
between the prote in level and culture by the analys is of variance. A 
protein x culture interaction (P<0. 05) was noted in Experiment VI. 
The ana 1 ytica 1 1  y determined amounts of essentia 1 amino acids 
(Tables 30 and 31) indicate that the f ermented soybeans, which brought 
about s igni ficantly improved we ight gains , contained cons istently 
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TABLE 26 . EFFECT OF FERMENTED SOYBEANS ON CHICK GROWTH 
AND PERCENTAGE RESPONSES 
Experiment VI 
A .  A .  A .  A .  
Protein aurecomus elegans fischeri tamarii 
Level Control NRRL 391 NRRL 4850 NRRL 185 NRRL 434 X 
1 3% 423 446 454 369 382 415 
( +5 . 4) (+7 . 3) (-12 . 8) ( -9 . 7) (-2 . 5) 
16% 516 539 468 498 468 497 
(+4 . 5) (-9 . 3) (-3 . 5) (-9 . 3) ( -4 .4) 
1 9% 578 592 555 593 586 581 
(+2 . 4) (-4 . 0) (+2 .  6) (+1 . 4) (+0 .  6) 
X 506 526 492 487 479 498 
( +4 . o) (-2 . 8) ( -3 . 8) (-5 . 3) (-2 .0) 
Analys is of Variance  
Source df ss MS II  F" 
Replicate 2 547 . 2  273 . 6  
Protein 2 205, 708 .4 102, 854 . 2  
Culture 4 12, 359 . 0 3,089 . 7  
R x P 4 2, 144.5 536 . 1 
R X C 8 4, 366 . 3  545 . 8  
p X C 8 1 9,600 . 0 2, 450 .0  
Error 16  9 . 353. 3 584 . 6  
*Indicates s ignificance at P<0 . 05 .  
**Indicates s ignifi cance at P<0 .01 as  compared to the control 
diet . 
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TABLE 27 . EFFECT OF FERMENTED SOYBEANS ON CHICK GROWTH 
AND PERCENTAGE RESPONSES 
Exper iment VI I 
A .  A. A. A .  
Protein janus f ischeri niger niger 
Level Control NRRL 1935 NRRL 181 NRRL A- 142 NRRL A -314  X 
1 3% 381 444 403 407 414  410 
(+1 6 . 5 ) (+5 . 8 )  ( +6 .  8 )  ( +8 . 7 )  (+9 . 3 )  
1 6% 463 532 459 481 508 489 
(+14 . 9 )  ( -0 . 9 )  (+3 . 9 )  (+9 .  7 )  ( +7 . 1 )  
19% 539 561 578 574 572 565 
(+4 .  1 ) ( +7 .  2 ) (+6 . 5 )  ( +6 .  1 )  ( +6 .  1 )  
X 461 512� 480 498* 487 488 
(+l l . l )  ( +4 .  1 )  ( +8 . o )  (+5 . 6 )  ( +7 . 5 )  
Analysis of  Variance 
Source df  ss MS " F" 
Re.pl i ca te 2 2, 253 . 9  1 , 121 . 0  
Prote in 2 180 , 21 3 . 1 90, 106 . 6 
Culture 4 1 3, 263 . 8  3 . 315 - 9  
R x  P 4 633 . 7  1 58 . 4  
R x  C 8 3,939 .7  492 . 5  
p X C 8 7, 463 . 4  932 . 9  
Error 1 6  1 3 , 412 - 2 838 . 3  
*Indicates s ignificance at P<0 . 05 .  
**Indicates s ignificance at P<0 . 0 1  as compared to the control 
diet . 
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TABLE 28. EFFECT OF FERMENTED SOYBEANS ON FEED EFF ICIENCY 
(FEED/GA IN  RATIOS) 
Experiment VI 
A. A. A. A. 
Protein aurecomus elegans fischeri tarnarii 
Level Control NRRL 391 NRRL 4850 NRRL 185 NRRL 434 X 
1 3% 2.05 1 . 97 1 . 86 2. 25 2. 11 2.06 
16% 1. 86 1 .70 1. 91 1 . 85 1 . 96 1.86 
1 9% 1 . 67 1 . 58 1 . 72 1 . 64 1 . 66 1 .65 
X 1.86 1 . 75** 1 . 83 1 . 91* 1 . 93* 1. 86 
Analysis of Variance 
Source df ss MS " F" 
Replica te 2 0.0062 0.0031 
Protein 2 1. 2444 0 . 6222 
Culture 4 0 .1820 0. 0455 3.8* 
R X p 4 0. 0444 0.01 1 1  
R X C 8 0.9060 0.0120 
p X C 8 0. 2540 0.0318 3.4* 
Error 16  0.1503 Q.0094 
*Indicates significance at P<0.05. 
**Indicates significance at P<0.01 as compared to the control 
diet. 
TABLE 29. EFFECT OF FERMENTED SOYBE ANS ON FEED EFFICIENCY 
(FEED/GAIN RATIOS ) 
Experiment V I I  
A. A. A. A. 
Protein j anus fischeri niger 
niger 
Level Control NRRL 1935 NRRL 181 NRRL A-142 
NRRL A-314 X 
13% 2. 24 1. 97 2 . 17 
2. 12 2. 01 2. 11 
16% 1. 98 1. 84 
2. 06 1 . 90 1 . 82 1. 92 
19% 1. 82 1. 77 
1 .71  1. 68 1.  72  1 .74 
X 2. 01 1. 86
-)(� 1. 98 1 . 90* 1. 81** 
1. 92 
Analysis o f  Variance 
Source df  ss 
MS " F" 
Replicate 2 0. 0046 
0. 0023 
Protein 2 0. 0046 
0. 0023 11 1.4
** 
Culture 4 0. 1761 
Q.0440 13. 3
** 
R X  P 4 0. 0178 
0. 0044 
R X  C 8 Q. 0267 
Q. 0033 
p X C 8 o
. 1 148 0. 0143 2. 1 
Error 16  0. 1086 
0. 0068 
*Indicates significance at P<0 . 05. 
**Indicates significance at P<0 . 01 as c om
pared to the control  
diet. 
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TABLE 30 . ESSENTIAL AMINO ACIDS IN FERMENTED SOYBEANS l 
( mMoles/100 g SOYBEANS) 
Experiment VI 
A. A. A .  A .  
aurecomus e legans fischeri tamarii 
Amino Acid Control NRRL 391 NRRL 4850 NRRL 1 85 NRRL 434 
Arginine 19. 6 18 . 8  1 9 - 4  18. 3 18 . 8  
Histidine 8 . 1  7.4  8. 7 8 . 0  8. 9 
I soleucine 18 . 1  18. 9 18 . 4  18 . 3  11.9 
Leucine 36 . 3  32 . 8  30. 6 29. 8 28 . 3  
Lysine 13 . 4  14 . 8  11 . 4  10. 1 11. 6 
Methionine 4 . 3  3.9 4 . 9  4 . 6  4 . 5  
Phenylal anine 15 . 8  19. 0 17 . 2  17 . 4  14 . 7  
Threonine 11. 1 15 . 1  18 . 3  17. 2  17 . 5  
Valine 19. 5 17 . 6  20. 4 22.5 20.1 
Glycine  29 . 4  32 . 5  37. 6  29. 7 28. 4 
lMeasured by Beckman 120C Auto Analyzer . 
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TABLE 31 . ESSENTIAL AMINO ACIDS IN FER.fvtENTED S
OYBEANS1 
(mMoles/100 g SOYBEANS) 
Experiment VI I 
A. A .  A .  A.  
janus fischeri niger 
niger 
Amino Acid Control NRRL 1935 NRRL 181 
NRRL A - 142 NRRL A -314 
Arg inine 15 . 9  1 6. 1 
16 . 8  16. 8 16. 5 
Histidine 7 . 3  7. 5 
7 . 0 7. 7 7 . 5 
Isoleucine 17 . 7  19.7 
18. 2 20.0 18.7  
Leucine 29 . 2  33. 7 
29 - 7  31 . 3  30.0 
Lysine 12. 3  13. 6 
12 . 4  12. 9  12 - 9  
Methionine 4 . 3 4 . 3 
3. 8 4. 1 4. 5 
Phenylalanine 1 6. 3  17. 3  
15.7 1 6. 9  15. 6 
Threonine 16 . 4  16 -8
 17. 1 11. 2 11 .0
 
Valine 16. 3 23 - 4  
18. 4 20.0 20. 1 
Glycine 27 . 1  32. 1 
29. 5  30. 4  29. 4 
lMeasured by Beckman 120C Auto Analyz
er. 
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greater quantities of certain essential amino acids. Levels of the 
three basic amino acids were also invariabl y higher for the fermented 
soybeans (Tabl e 31 ). On the other hand, where no positive improvements 
had been found, the general figures for amino acid content were some­
what l ess than that of the controls. Thus ,  the observations are in 
close agreement with the findings of the earlier study and also lend 
good support to the hypothesis that the growth promoting activity could 
be related to the superior amino acid balance of fermented soybean 
diets. 
Again, no dietary treatment had any adverse effect on viabil ity. 
Only four chicks died throughout the two experiments. 
IDENTIFICATION OF THE GROWTH PROJVOTING FACTOR( S )  
Introduction 
Based on amino acid analyses , it was postul ated that the 
positive growth res ponse evidenced in the earlier work could  be as ­
s ociated with the greater supply of certain essential amino acids 
present in the fermented soybeans . 
Hence, the fol l owing three investigations were initiated to 
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ascertain if the s uppl ementation of deficient essential amino acids to 
the control diet, so  as to simul ate the amino acid content of the fer­
mented soybean diets, could elucidate s imil ar positive growth effects. 
gxper iments VI II arid IX 
Ma terial s and Methods . Two cul tures of Aspergil lus that had 
been shown earl ier to give consistent and s ubs tantial beneficial 
effects were tested in these two experiments . For Experiment VIII, 
preparations of A. oryzae NRRL 4 51 and A. oryzae NRRL 506 were used 
to ferment good qual ity Cor-Soy s oybeans as desired and the resulting 
product was analyzed for amino acid composition. The cultured soy­
beans were fed in comparis on with control s oybeans s uppl emented with 
amino acids to simul ate the changed compos ition of the fermented soy­
beans (Tabl e 32). This was repeated in Experiment IX to have a check 
on the performances observed in Experiment VIII. Amino acid compo ­
s ition of the respective fermented s oybeans and the additio ns of amino 
acids to the control d iet for Experiment IX  are given in Tabl e 33. 
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TABLE 32. AMINO ACID COMPOSITION OF CULTURED SOYBEANS 
AND AMINO ACID SUPPLEMENTED CONTROL 
DIETS (rrtMoles/100 g SOYBEANS) l 
Experiment VI I I  
1 2 3 4 5 
Control + Control + 
A. oryzae A. A. A. oryzae A . A. 
Amino Acid Control NRRL 451 as Diet 2 NRRL 506 as Diet 4 
Arginine 15. 6 17. 3  15. 6 + 1. 7 19.4 15. 6 + 3. 8 
Histidine 6. 6 8. 1 6. 6 + 1. 5 9. 3 6. 6 + 2. 7 
Isoleucine 12 . 4  1 1 . 2  12. 4 12. 1 12 - 4  
Leucine 25 . 6  25. 6 25. 6 26. 0 25. 6 
Lysine 12. 7 14 . 5  12.7 + 1. 8 16. 6 12. 7 + 3. 9 
Methionine 4.4 3. 6 4. 4 5. 2 4.4 
Phenylalanine 14. 6  17. 6  14 . 6  + 3. 0 18. 5 14. 6 + 3. 9 
Threonine 15. 6 16 . 3  15. 6 + 0. 7 17. 9  15. 6 + 2. 3 
Valine 15. 0 12. 0 15. 0  14. 6 15. 0 
Glycine 25. 5 25. 8 25. 5 30. 7 25. 5 
1Average value of duplicate analyses.  
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TABLE 33. AMINO ACID COMPOSITION OF CULTURED SOYBEANS 
AND AMINO ACID SUPPLEMENTED CONTROL 
DIETS (mMoles/100 g SOYBEANS ) l 
Experiment IX 
1 2 3 4 5 
Control + Control + 
A. oryzae A. A. A. oryzae A. A. 
Amino Acid Control NRRL 451 as Diet 2 NRRL 506 as Diet 4 
Arginine 1 8. 9  18. 1 18 - 9  18. 8  1 8. 9 
Histidine 7. 8 8. 3 7 . 8  + 0. 5 7. 9 7 . 8 
Isoleucine 10. 6 12. 2  10. 6 + 1 . 6 1 5. 0  1 0. 6  + 4. 4 
Leucine 24. 3 27.7  24. 3 + 3. 4 30. 2 24. 3 + 5. 9 
Lysine 17. 7  18. 8  17.7 + 1 . 1 18. 8 17. 7  + 1 . 1 
Methionine 4. 5 4. 5 4. 5 5. 0 4. 5 
Phenylalanine 12. 3 14. 9 1 2. 3  + 2. 6 16. 2 12. 3 + 3. 9 
Threonine 13. 3  16. 0  13. 3  + 2. 7  17.7 13. 3  + 4. 4 
Val ine 1 3. 1  15. 1  13. 1  + 2. 0 18. 7  13. 1  + 5. 6 
Glycine 24. 9 28.4 24. 9 30. 0 24. 9 
1 Average value of duplicate analyses. 
Other details concerning materials and met
hods were similar to those 
mentioned for the previous studies. 
Results and Discussion. The average weig
ht gain and feed 
utilization data for the respective st
udies are presented in Tables 
34 a nd 35. The results of the stat
istical analysis are given in 
Appendix Tables lA and 2A, respective
ly. 
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It can be seen from the data that wit
h supplements of certain 
essential amino a cids to the control
 soybean diets, both the growth 
promoting a ctivities and feed effic
iencies were comparable to that 
obtained from the fermented soybea
n diets. This would indicate th
at 
inferior growth from feeding cont
rol soybea n diets wa s most likely 
due to an  amino a cid deficiency 
or imbalance or both. Analysis o
f 
variance based on both growth an
d feed conversion showed that the
re 
were highly significant variation
s (P<0.01 or P<0. 05) between tre
at­
ments a ttributable to the protei
n levels and cultures or s imulat
ed 
cultures. Further tests by Dunn
e4 t' s procedure indica ted also t
hat the 
increases in weight gain of chic
ks receiving diets n� de either w
ith 
the fermented soybeans or with a
mino a cid supplemented control s
oy­
beans were significantly superio
r to that of the control groups
 except 
for diet three of Experiment IX.
 With feed/gain ratios,  differ
ences 
similar to weight gain were not
ed in Experiment IX, while the 
differ­
ences in Experiment V I I I  were 
not significa nt. However, cons
istently 
impr�ed feed conversions with 










13% 2. 21 
16% 2.03 
1 9%  1 - 91 
X 2.05 
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EFFECT OF CULTURED SOYBEANS ON CHICK GROWT
H 
AND FEED EFFICIENCY 
Experiment VIII 
2 3 4 
Control + 
A. oryzae A. A. A. oryzae 
NRRL 451 as Diet 2 NRRL 506 









































as Diet 4 X 
468 452 
(8. 6) (6. 2) 
524 508 
(7. 6) (5.4) 
583 573 
(6. 6) (5. 9) 
525* 511 
(7 . 6) (5. 8) 
2.02 2.09 
1. 96 2.00 
1. 87 1. 85 
1 - 95 1. 98 
control 
*Indicates significance at P





L evel Control 




13% 2. 26 
16% 2. 10 
1 9%  1. 97 
X 2 . 1 1 
EFF ECT OF CULTURED SOYBEANS ON CHICK GROWTH 
AND FEED EFFICIENCY 
Experiment IX 
2 3 4 
Control + 
A. oryzae A. A. A. oryzae 
NRRL 451 as Diet 2 NRRL 506 
Average 4-Week Weight 
439 












(6. 3) (10. 2 ) 
524 
(4. 6 ) 
544 











(2. 9 )  
51T
Y-� 
(6. 4 )  
1. 98 






as Diet 4 
446 
(8. 8 )  
528 
(5.4 )  
566 
(3. 7 )  
5 13* 
(5. 6 ) 
2.05 






(8. 1 )  
524 
(5. 8 )  
559 







*Indicates significance at P<0.05. 
**Indicates significance at P<0.01 as compared to the control 
diet . 
The findings noted in these studies, therefore, support 
the 
hypothesis that the growth improvement in ch
icks fed fermented soy­
beans can be explained by alterations in essenti
al amino a cid compo -
sition . 
Here again, no toxic effects were observed from 
any of the 
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cultures tested. If the Aspergil li produce 
an  antibiotic or some other 
growth adj uvant, it is possible that a toxin
 may be concurrently pr o -
duced to equalize any beneficia ef fects. 
Experiment X 
Material s and Methods. Two other promi
sing cultures (i . e . ,  
A .  aurecornus NRRL 391 and A. janus NR
RL 1935)  tha t had shown positive 
growth responses were analyzed for ami
no a cids as  before. On that 
basis, amino a cid simula ted diets were
 made up as  indicated in Experi­
ment VIII (Table 36) and were tested a
long with contr ol soybea n diets 
using the broiler chick assay. Other
 experimental procedures were the 
same as  described in the earlier expe
riments . 
Results and Discussion . The 4-week 
weight gains a nd feed 
efficiency data are shown in Table
 37 , while the analysis of varianc
e 
of the data is presented in Table 3
A of the Appendix. It is quite 
evident from the da ta that all ferme
nted soybeans as  well as  a mino 
acid supplemented groups showed si
gnificant improvements ( P<0 - 01) in 
weight gains and feed efficiency a
s  compared to the controls. Of 
particula r interest was the observa
tion tha t when the chicks were fed 
the a mino acid simula ted diets , th
ey a ppeared to grow a t  a n  even 
7 9  
TABLE 36. AMINO ACID COMPOSITION OF FERMENTED SOYBEANS 
AND AMINO ACID SUPPLEMENTED CONTROL 













1 2 3 4 5 
Control + Control + 
A. aurecomus A . A . A. j anus A . A . 
Control NRRL 391 as Diet 2 NRRL 1 935 as Diet 4 
18. 0  
6. 6 
16 . 6  
28. 2 
13. 8 
14 . 4  
15 . 6  
18. 4  
21 . 8  
16. 4 
15. 1 
25 . 6  
14 . 9  
13. 2 
14. 6 
11 . 1  
24 - 2  
18 . 0  
6. 6 + 1 . 1  
16. 6  
28 . 2  
1 3 . 8  + 1 . 1 
14 . 4  
15. 6 
18 . 4  
21 . 8 
8 . 2  
16 - 2  
26 . 8  
14. 1 
15 - 4  
18 - 8  
1 8. 0 + 0. 1 
6 . 6 + 1. 6 
16. 6 
28.2 
13. 8 + 0. 9 
14. 4  
15. 4 
18 . 4  
25 . 9  









13% 2. 24 
16% 2 .07 
1 9% 1 . 89 
X 2. 07 
EFFECT OF FERJv1ENTED SOYBEANS ON CHICK GROWTH 
AND FEED EFFICIENCY 
Experiment X 
2 3 4 
Control + 
A. aurecomus A . A .  A. janus 
NRRL 391 as Diet 2 NRRL 1 935 
Average 4-Week Weight 
432 448 
(16 . 8 )  (21. 1)  
466 500 
(5.4) (13. 1 )  
530 541 
(7. 9) ( 10 . 2) 
476� 496� 
(9 .7) (14. 3) 
Feed/Gain Ratio 
1 - 99 1. 93 
1. 88 1 . 80 
1.73 1 .69 
1. 81** 1 - 81� 
416 
( 12. 4) 
471 




(10. 6 )  
2.09 
1 . 85 
1 - 70 




as Diet 4 
433 








1 . 83 




(16 . 8 )  
473 
(8 . 7 ) 
531 
(10 . 2) 
475 
(ll . 7) 
2. 05 
1 - 89 
1 .74 
1 . 89 
**Indicates signif icance at P<0. 01 a
s compared to the control 
diet. 
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greater rate than birds receiving the ferm
ented soybean diets. How­
ever, the differences were not significant. 
I t  is very evident from these results , toget
her with the 
findings in the previous studies , that 
al l the positive growth re­
sponses could have resulted from the su
perior amino acid bal ance of 
the fermented soybean diets. 
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STUDIES ON RHIZOPUS AND ACTINOMUCOR 
Introduction 
A s discus sed briefly in the literature review s ection, a 
variety of fermented s oybean products have been consume
d in the 
Orient. Thes e  soybean products are primarily prepare
d with Rhizopu s  
and Actinornucor species .  The nutritional value o f th
ose fermented 
soybean s, however, has not been extensively  investi
gated. Hence, it 
would be meaningful to evaluate the nutritive ef fect
s of these mold 
species using the chick growth assay. Such stu
dies were theref ore 
designed. 
ExpP-TiTY1ent XI  
Materials and Methods. The general experi
mental pr o c edures of 
previous broiler studie s were followed. 
Fermentation procedures for 
Rhizopus and Actinomucor were somewhat th
e same as des cribed for 
A spergillus culture s except for the followi
ng factors : · (1 )  the cultur­
ing was conducted in wooden flats so as t
o have access to sufficient 
oxygen, and ( 2) high humidity (90-95 pe
rcent) was maintained through-
out the fermentation. 
Two protein series (13 per cent an
d 1 6  percent) were utilized, 
- as a " probing" study of the nutritio
nal value of the aforementioned 
fungal species. 
Re sults and Discussion. Tabl e 38 
sunmrarizes the average 
4 -week  chick gr owth and feed util
ization data. 




















Weight Gain Weight 
446 2. 19 518  
454 2.01 481 
418 2.00 465 
429 2. 03 460 
410 2.20 449 
416 2.07 447 
397 2. 02 482 
424 2.07 472 
Feed/ 
Gain Weight 
1 . 93 482 
2. 01 468 
1 . 94 442 
2.04 445 
2. 04 430 
2.09 432 
1 . 98 440 













The data indicated that none of the Rhizopus or Acti nomucor 
cu ltures wer e  effective in improving the growth-promoting ability of 
soybeans . The ferme nted soybeans did not appear to be sever e ly toxic, 
but co nsistently inferior chi ck growth was evidenced with their use 
compare d to that of the controls .  There were no discernible differ­
ences in feed efficiency between the control and cultured soybeans 
tested. Only protein effects were shown to be statistically signifi­
cant (P<0 .0 1). Two deaths were recorded throughout the experime nts, 
s ugges ting that the dietary treatme nts had no adverse effect on 
v iabi lity. At this poi nt, the cultures teste d s howed  little pr om i s e  
as a method of improving the nutr itional quality of soybe ans. 
Experime nts XII and XI I I 
Jllla terials and Methods. Eve n though pre liminary investigations 
on the effe ct of Rhizopus and Actinomucor s pecies were not e ncouragi ng, 
three Rhizo pus cultures were agai n pre pared and fed i n comparison with 
control soybe ans i n Experime nt xn . It was suggested that the action 
of the mold may be to render the various components of the s oybean more 
digestible as a result of re le ase of e nzymes by fermentation for the 
breakdown of nutr ie nts. The e nzymes might als o e nhance or s uppress 
chick phys iological function. Therefore ,  Experime nt XIII was set up 
to s tudy whethe r or not the enzymes produce d were favo rable for the 
growth of chicks. One series of Actinomucor cultures we re steame d to 
stop _ enzymatic activity after c ompletion of fe rmentation and tested  
along with s imilar non-s teamed preparations . 
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Results a nd Discus s ion . It ca
n be s een from Tables 39 an
d 40 
that again the so�eans cu
lture d  with Rhi zopus or A ctin
omuc or did not 
effect  any bene f i c ial gr 
.. ,th response n or improve fee
d uti l i zati on .  
A marked depressi on in p
erformance was evide nt wit
h the Actinomucor 
el egans NRRL 2227 cultur
ed soybean s , with or withou
t steaming , al ­
though no signs of severe
 toxic ity were apparent . St
eaming the 
product  after f erme ntatio
n had no c onsistent effect 
upon chi ck growth 
or feed utili zation. 
The data for amino acid a
nalyses (Tabl es 41 and 42
)  show some 
degree o f consistency for
 the vari ous ferme nted soy
beans as re lated to 
the ir growth re sponses .  
For exampl e , where sl igh
t positive growth 
response s we:re obtai ned
, as in Rhi zopus ol ig osp
oru s NRRL 514 , the 
f ermented soybeans were 
somev hat higher in argi
nine , 1 ysine, phe nyl ­
alani n e and thre onine . 
On the other hand , the 
data for the cultured 
soybea ns that had shown 
inferior chick  growth i
ndicate consistently 
l ess c ontent o f  amino a
cids than for the contr
ols. Thi s again sug ­
gested that most of the
 grov1th res ponses were 
a function of amino 
acid ba lance . 
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TABLE 39. EFFECT OF FERfv'iENTED SOYBEANS ON CHICK GROWTH 
AND FEED EFFICIENCY 
Experiment XII 
R. R. R .  
Protein oligosporus ol igosporus 
oligosporus 
Level Control NRRL 514 NRRL 2710 
NRRL 3271 X 
Average 4-Week Weight 
13% 408 412 395 
408 406 
16% 484 487 479 
482 483 
19% 523 521 505 
521 518 
X 472 474 460 
470 469 
Feed /Ga j n Ratio 
13% 2. 13 2. 10 
2. 12 2 . 08 2. 11 
16% 1. 97 1. 93 
1- 95 1 . 95 1. 95 
19% 1. 87 1. 85 
1 - 84 1. 83 1. 85 
X 1. 99 1. 96 
1. 97 1 - 95 1. 97 
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TABLE 40. EFFECT OF FERMENTED SOYBEANS ON CHICK GROWTH 
AND FEED EFFICIENCY 
Experiment X I I I  
Actinomucor elegans 
Protein NRRL 2227 NRRL 3104 
Level Control Steamed Not Steamed Steamed Not Steamed X 
Average 4-Week Weight 
13% 378 357 369 380 359 369 
16% 497 437 427 505 474 468 
1 9°/4 564 515 516 546 544 537 
X 480 437 437 477 459 458 
Feed/Gain Ratio 
1 3% 2. 14 2 , 28 2 . 19 2. 12 2. 28 2. 20 
16% 1 . 81 2.01 2. 00 1 . 97 2.06 1. 97 
19% 1 . 7 6  1 .85 1 .84 1 . 84 1 -86 1.83 
X 1 . 90 2.05 2.01 1 . 98 2.01 2. 00 
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TABLE 41. ESSENTIAL AMINO ACIDS IN FERMENTED SOY
BEANS l 
(mMoles/100 g SOYBEANS ) 
Experiment X II 
Rhizopus oligosporus 
Amino Acid Control NRRL 514 
NRRL 2710 NRRL 3271 
Arginine 20 .2  22. 1  
1 5 . 3  16 -2  
Histidine 10.1 
10.5 7.4  7.
5  
Isoleucine 15 - 1  
13 - 8 1 1 . 5  
ll- 3 
Le ucine 24 - 3  27 .
o 24. 0 2
5 . 7 
Lysine 1 8 - 3  20
. 4  14.5 




Phcnyl;:1l�nine 15.8 17 - 3
 15.2 
14.4 
Threonine 8. 1 
9. 9  7. 2  
7 . 9  
Valine 17 . 1  1
5. 0 12. 7 
12. 1 
Glycine 30. 2 28
- 9  24- 8  
27 . 1  
lMeasured by Beckman 120C Auto An
a lyzer. 
TABLE 42 . ESSENTIAL AMINO ACIDS IN FERMENTED SOYBEANSl 
(mMoles/100 g SOYBEANS) 
Experiment XIII 
Actinornucor elegans 
NRRL 2227 NRRL 3104 
Amino Acid Control Steamed Not Steamed Steamed Not Steamed 
Arginine 18 . 9  15 . 4  20 . 2  17 . 6  17 .6  
Histidine 10 . 2  6 . 9  9 - 8  8 . 4 8.6 
Isoleucine 13 . 1  12. 7  1 1. 4  1 1 . 8  16. 5 
Leucine 31 . 1  28.6 23. 1 27.6 32. 7 
Lysine 15. 7 13.6 1 9 - 2 17. 0 16. 0 
Methionine 4.6 3. 5 4. 3 3. 6 4. 1 
Phcnyltl l :r nine 17 . 9  15. 7  15 . 5 · 1 3. 5  18. 4  
Threonine 20. 1 17. 7 15 . 0  16. 7 20.6 
Valine 1 3. 4  13 . 8  1 2 . 3  12. 4 17. 4 
Glycine 32 . 2  31 . 1  23 . 2  30 . 0  34. 0 
1Measured by Beckman 120C Auto Analyzer. 
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STUDIES WITH COTURNIX QUA IL 
The previous  broiler studies showed evidence that feeding 
ful l -fat s oybeans fermented by certa in A spergil lus  cultures resulted 
in a s ignifica ntly improved growth and feed util i zation . I n  con­
j unction with these findings , the effect of the two most  beneficial  
A spergi l lu s  cul tures (A. oryzae NRRL 451 and A .  oryzae NRRL 506)  on 
the l ife cycle performance of Japa nese Qua i l  (Coturnix c oturnix 
j a panica ) was investigated . Observations were a l so  made on growth 
of progeny . The Japanese qua il  ha s been used for research in several 
discipl ines a s  an  experimenta l anima l because of its sma l l  s i ze ,  
ra pid matur ity and s imilarity to the domestic  chicken. 
Experiment Q-I 
Materia l s  and Methods . The source o f  b
irds , the compo s ition of 
the exper imental diet and a ll other deta i
l s  with regard to the genera l 
experimenta l procedures were described 
in the earl ier section. The 
ha tchabil ity procedures are briefly  d i s c
ussed here. After ga thering 
eggs for the la st  seven consecutive day
s of a lterna ting experimental 
periods , eggs were set in sectioned flat
s a nd incubated. Ferti l ity of 
eggs wa s determined by candl ing a fter 
10 days of incuba tion. Eggs 
were turned mechanically every three h
ours for 14 days , at which time 
they were tran sferred to hatching baske
ts . Throughout the incubation 
period the incubator wa s operated at  3
6.7° C .  Rela tive humidity wa s 
ma inta ined a t  about 60 percent for 14  d
ays after which i t  was ra ised 
to 70 percent . The s e  procedur
es f ollow cl o sely  the reconm\enda
tion 
of Hin s haw et tl· ( 1969 ) . 
Results and Discu ssion . Averag
e body weight and f eed con-
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vers ion of qua i l chicks fed  f e
rmented soybeans a re summa r ized
 in Tabl e 
43 . Examination of the data i
ndica ted that chicks r eceiving
 the 
cul tu r ed d i e ts showed sign i f ic
antly  super ior we ight gains (
P<0.01 ) and 
feed eff ic iency (P<0. 05 ) . Thi
s  confirmed the prev i ou s  obser
vations 
made wi th the same cultures i
n br o i l er studies. The da ta s
how tha t 
the d i e ta ry prote in level (24
 perc ent) of the contr ol di et 
in this 
study was lacking in amin o a
c ids for maximum gr=th of th
e �a i l chick. 
In  support o f  this is the re
port of Sva cha e t  tl· ( 1 970 ) ,
 indicating 
that a l evel of 26 percent d
ietary protein 111a s initia l ly 
requ i r ed by 
coturnix qua i l and this l ev
el can be reduced to 20 perc
e nt a fter three 
we eks (Vogt, 1 967 ; Gropp a nd
 Zucker ,  1 968 ; Vohra a nd Ro
udybu s h , 197 1 ) .  
Hen-day pr oduction and egg 
weight data from seven cons
ecutive 
28 -day periods (Tabl e 44 ) 
revea l ed tha t  d i ets made with
 f ermented soy­
beans did n ot exert signif
ica nt e ff ects on the s e  criter
ia . The pro­
ducti on perf ormance wa s not
 a ff ected by the feeding reg
ime s dur ing the 
gr owing pe r iod or by the i
mpr oved amino acid pr o f i l e  o
f the fermented 
soybea ns .  No significant 
dif f erence s  were observed in 
feed consumpt i on 
and body weights during th
e r e spective exper imental  pe
r iods. 
The ef fect of  fermented s
oybea ns upon ferti lity a nd h
a tchability 
is pre s ented in Tabl e  45 . 
Eggs pr oduced by birds r ece
iv ing the fer ­
mented soybea ns showed de
finite impr ovements in appare
nt fertility and 
TABLE 43 . AVERAGE BODY WEIGHT AND FEED EFFICIENCY OF 
JAPANESE QUA IL FED FERMENTED SOYBEANSl 
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Treatment Initial2 2-Week 4-Week 
Control 
A .  oryzae 
NRRL 451 
A .  oryzae 
NRRL 506 
Control 




Average Body Weight (g)3 




3 . 40a 
3.87b 
2 . 21 b  
lvalues are the avera ge of five replicates o f  20 chicks each. 
2Ten da ys old at start of study. 
3Figures having the different superscript in the respective 
periods a re statistically significa nt (P<0. 0 1 ) .  
4Ratios having the same superscript are  not statistically 
significa nt (P<0. 05 ). 
TABLE 44. LIVE FERFORMANCE OF QUAIL LAYER FED FERMENTED 
SOYBEANSl 
Production Average Feed 
Period ( H.D. B. ) Egg Consumption 
(age ) Trea tment % Weight , g ( g/bird/ day) 
First Control 68. 9 9. 7 21. 2 
( 6- 10 weeks ) 451 73. 4  9. 8 19. 3 
506  77. 2 9. 9 19. 4  
Second Control 83. 3 10. 5 22. 2 
( 10 - 1 4  weeks)  45 1 78. 7 10. 4 20. 3 
506 81. 8 10. 5 20. 3 
Third Control 84. 9 10. 5 21. 3 
( 14-18 weeks) 451 76. 8  10. 5 20. 9 
506 76. 8  10. 7 20. s 
Fourth Control 76. 6  10. 3 21 - 9  
( 18-22 weeks)  451 7 1. 9 10. 4 23. 0 
506 74. 0 10. 3 22. 6 
Fifth Control 68. 8  10. 2 20. 1 
( 22-26 weeks ) 451 65. 9 10. 2 20. 5 
506 68. 3 10. 3 19. 7  
Sixth Control 58 - 1  9. 9 19 - 9  
( 26-30 weeks ) 451 57 . 3  10. 3 19. 8  
506 54. 5 10. 1 19. 8 
Seventh Control 49. 5  9. 9 19. 0 
( 30-34 weeks) 451 46. 4 10. 3 18 - 9 
506 40 . 1  10. 0 18. 6 
Tota l Control 10 . 0  10. 1 20. 8 
Experimenta l 451 67 . 2  10. 3 20. 4 





























1Results are the average of five replicate groups of 10 chicks 
ea ch. 
TABLE 45. EFFECT OF FERMENTED SOYBEANS UPON FERTILITY 
AND HATCHABILITY 
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Fertility Ha tcha bil i ty 
Parenta l Age Treatment Eggs Set 
Percent Percent 
10  weeks Control 300 
47. 0  37.7 
451 300 51.7  
38 - 7 
506 300 48. 0 
41. 0 
1 5  weeks Control 350 
43. 4  34 . 0  
451 350 56. 9 
46.3 
506 350 55. 7 
43.4 
22 weeks Control 1 5
0 40. 8  23.8
 
451 125 44.0 
25 - 6 
506 11 3 46.4 
29 - 9  
30 weeks Control 
150 34.0 24 -7  
451 150 42.7 
30.7 
506 150 41 . 3  
30. 0 
Total Control 
238 41. 3  
30. 1  
Experimental 451 231 
48.8 35. 3 
Average 506 22
8 47. 9 36.1 
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hatchability as compared to thos e fed the c
ontrol soybeans - The 
improved amino a cid make-up of the culture
d soybeans coul d  be corre ­
lated with the se  superior reproductive
 performances -
Experime nt Q-II  
Ma teria l s  and Methods. The influence 
of fermented soybeans on 
the qua i l  proge ny performance was inv
estigated. Detail s of the 
exper imenta l procedures were describe
d in Experiment Q-I . In thi s 
study , an effort  was made to equa liz
e the initia l  body weight by 
cul l ing out the exce s s ively  large 
chicks at  10 days of age . 
Results and Discuss ion . Progeny f
rom dams receiving diets con-
taining fermented soybeans (Tabl
e  46 ) aga in re sponded s ignifican
tly 
with a positive growth response 
( P<0 .01 ) and impi- oved foed c onver
sion 
(P<0 .05) after two and four weeks 
of age. Thus ,  the data wer e in 
entire a greement with the result
s obta ined from the dams. Moreove
r , 
it po ints out c l earl y  that fe edin
g fermented s oybean s can improve
 
growth and fe ed util i zation of 
qua il  chicks. 
As shown in Table 47 , it does a
ppear that in thi s study culture 
NRRL 451 exerted a beneficial  eff
ect  on egg producti on ,  whi l e  no 
pos itive effe ct wa s  obs erved wit
h cul ture NRRL 506. It is al so i
nter­
e sting to note that diets made
 with cultured soybe ans cons i stentl
y 
produc ed somewhat l arger eggs
. F eed intake wa s very much the s
ame for 
a l l  treatment gr oups. The sign
ificant difference s in body we ight 
betwe en dietary treatments are
 consistent throughout the experim
ent. 
I t  wa s a l s-o noted (Tabl e 48 ) th
at a noticeable a dvanta ge wa s ob
tained 
TABLE 46. EFFECT OF FERMENTED SOYBEANS UPON PRCGENY 
PERFORMANCEl 
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NRRL 1151  
A.  oryzae 
NRRL 506 




4 � 40b 
1valu es are the avera ge of  five replicates of 20 chicks each. 
2Ten days old at start of  study .  
3Figures having the different superscript in the respective 
periods are statistically s i gnificant ( P<0.01 ) . 
4Ratios having the same superscript are not statistically 
significant ( P<0.05 ) . 
TABLE 47 . LIV E PERFORMANCE OF PROGENY FED FERlv\ENTED 
SOYBEANSl 
Production Average Feed 
Period ( H.D.B) Egg Consumption 
(age) Treatment % Weight, g ( g/bird/ day) 
First Control 53 . 2  9. 0 21 . 7  
(6 - 10 weeks ) 451 64 . 1 9 . 5  21 . 7  
506 53 . 4  9.1 20. 9 
Second Control 76 . 0  9.4 20 . 1  
(10 - 14 weeks ) 451 82 . 8  9. 9 20 . 6  
506 71 - 6  10 . 2  20 . 1  
Third Control 72 - 9  9 . 5 19 . 9  
(14- 18  weeks) 451 76 . 7  10 . 2  20. 4  
506 7 1 - 6  10 . 6  20 . 6  
Fourth Control 59 . 6  9 . 8  20 . 2  
(18-22 weeks ) 451 64 . 6  10 . 5  20 . 5  
506 6 1 . 8  10 . 1  20 . 0  
Fifth Control 59 . 8  9 . 9  20 . 0  
(22-26 weeks ) 451 60 . 9  10 . 4  20 . 1 
506 6 1 . 4  10 .. 4 19 . 8  
Sixth Control 38 . 2  9 . 8  20 . 0  
(26 -30 weeks) 451 40 . 9  10 . 2  20. 0 
506 44 . 0  10 . 1  19. 8 
Total Control 60 . 0  9 .6 20 . 3  
Experimental 451 65 . 0  10 . 1  20 . 6  
Average 506 60 . 6  10 . 3  20 . 2  




























TABLE 48. EFFECT OF FERMENTED SOYBEANS UPON PRCGENY 
FERTILITY AND HATCHABILITY 
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Fertility Hatchabili ty 
Parental Age Treatment Eggs Set Percent Perc ent 
10 weeks . Control 200 70. 0 59 . 0  
451 200 68. 5 60. 5  
506 200 70 . 5  59. 5 
18 weeks Control 200 52 - 6  41. 0 
451 200 58. 5 44. 0 
506 180 55. 7 39. 0 
26 weeks Control 152 40 . 3  · 33. 9 
451 179 52 - 5  44. 9 
506 174 47 . 5  37 . 2  
Total Control 184 54. 3 44 . 6  
Experimental 451 193 59. 8  49. 8 
Average 506 185 57 . 9  45. 2 
with fermented s oybeans in reproducti
ve perf ormance but in this 
study the diff erences wer e not sign
ificant. 
Experiment Q-1 1 1  
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Ma t erial s a nd Methods. A third gr
owth study wa s initia ted to 
determine wha t effect the varied di
etary treatments may have upo
n the 
growth rate o f pr ogeny from the di
fferent dams. To study this ob
­
j ective , progeny fr om the third 
hatch in Experiment Q-Il  were r
eared 
to 10 days of age on a r egular qu
ail sta rter a t which time ran
dor. .i­
za tion wa s made into treatment gr
oups a s  fol lows : one-third o f 
..l..r_e 
c ontr o l pr ogeny were a l lotted int
o three pens of s even chicks 
ea st and 
were fed the contro l die t , whil
e  another two -thirds o f progen
y v.'e:::-e 
raised on ea cl 1 of the fermente
d diets . Likewise � one -ha l f  o
f the 
pr ogeny from dams receiving f e
rmented s oybean  diets wa s dis
tributed 
into thre e  pens of 10 chicks 
each and fed the materna l die t
s and 
another ha l f the co ntrol die
t. Fe ed consumption records a n
d body 
weights wer e obtained a t 2-we
ek interval s  a nd the r esul ts a
re reported 
her e. 
Resu lts a nd Discussion. It c
an be s e en from the trends in 
Tabl e 49 tha t the progeny o
f darns fed f ermented s oybean d
iets con­
sistently  show a n incr ea s ed
 growth ra te and impr oved feed 
conversion 
regardl es s  o f the dietary tr
eatments .  Thi s  sugge sts that t
her e r:a s 
some carry-over e ffect of f
ermented die ts fr om the dams 
t o  the pr o ­
geny. I t  i s  of  note that th
e progeny of contro l dams grew 
more rapidly 
with diets conta ining fermen
ted s oybea n s than the same pr
ogeny on the 




Parenta l 2-Week 4-Week 
Treatment Diet Initial Wt. , g Feed/Gain Wt . , g Feed/Gain 
Control 31 . 7  50 . 0  2. s2 94. 8 4 .02 
Control A .  oryzae NRRL 451 30 . 6  60 . 2  2 - 48 102 . 5 3 . 31 
A .  oryzae 
NRRL 506 30 . 8  60 . 1  2 - 71 98. 7 3 . 92 
{ 
Contr ol 31 . 9  57.2 2. 24 100. 4 3 . 39 
A .  oryzae 
NRRL 451 A .  oryzae 
NRRL 451 31 ·. 6  62. 9 2 !" 28 105 . 3  3 . 25 
{ 
Control 30 . 4 58 . 1  2. 29 98. 6 3 . 30 
A .  oryzae 
NRRL 506 A .  oryzae 
NRRL 506 31 . 4  61 . 3  2 . 22 105 . 2  3. 18 
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control diet. As was demonstrated in the earlier broiler studies, 
the improved performance by the fermented diet was again quite likely 
due to the increased amount of certain essential amino acids brought 
forth by fermentation . 
No serious mortality was recorded on any of 
the dietary treat-
ments with quail either. 
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GENERAL DISCUSSION 
Studies on Aspergillus Cul tures for Broilers 
These studies showed that 15 of the 19  Aspergillus species 
tested promoted significantly (P<0.05 or P<0. 01) superior growth and 
improved feed utilization of broiler chicks. The rates of growth 
improvement ranged from 4. 4 percent to 16. 0 percent. The analytical 
data revealed that the growth-promoting soybeans contained consis­
tently greater amounts of  total proteins and certain essential amino 
acids than control soybeans. This could be due in part to the fungal 
destruction of certain excess amino acids and to the f ungal synthesis 
of certain amino acids. Similar findings were made by other investi­
gators. Skinner (1934) reported that Aspergillus oryza e ,  Aspergillus 
terreus, Zygorrhynchus moelleri , and Penicillium flavo-glaucum grown 
on· a s ynthetic medium synthesized tyrosine and tryptophan . Later 
studies by Stokes and Gunness ( 1946) identified all essential amino 
acids in the acid or alkaline hydrozates of the dried cells of Asper­
gillus niger, Rhizopus nigricans and Penicillium notatuni grown under a 
variety of cultured conditions . Observations made by Murata et .§1_. 
(1967) showed that a fermented soybean product prepared by the action 
of Rhizopus on cooked soybeans contained progressively increased 
amounts of free amino acids after f ermentation. The amounts of free 
amino acids in fermented samples were increased from one to 85 times 
over those in unf ermented soybeans . Some dry weight losses (as high 
as five percent) in fermentation occurred, but the amino acid increases 
were of a · relatively greater magnitude. 
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Experiments II and III indicated that chicks rece iving 
the fer­
me ntated di ets generally showed improved nitroge n  
utilization and dry 
matter dige stibility . Thi s could be the result o
f supplying greater 
amounts of amino acids with superior profiles. 
Combs (1 965 ) and 
Hewitt a nd Lewis (1972 )  reported that a s  dietary
 protein level in­
cr ea sed a nd mixtures of superior amino a cid ba
la nce were supplied , 
nitrogen utilization wa s enha nced substa ntially .
 From the data of 
this pre s ent s tudy it could be argued, theref
ore , that amino acid 
deposition in body tissue wa s more efficient.
 The corrected M. E . 
value s  for a ll treatment diets shown in Tab
le 16 indicated tha t the 
efficiency of e nergy utilization wa s not 
altered by dietary protein 
l evel s . As a consRquence , the increa se 
in carca s s  protein and decreas e  
in carca s s fat presented in Table 24 must
 have been largely influenced 
by dietary amino acid va riables. These o
bservations a re similar to 
those of Donaldson tl tl· (1956) ,  Summers
 et al . ( 1965) and Valu et tl· 
(1972) . 
From the data of Experiment III ,  it w
a s  s uggested that thiamine 
synthesis occurred during fermentatio
n . I n this connection ,  investi­
ga tions  by Taka ta ( 1 929 ) and Gore ica et 
a 1 .  ( 1935) showed tha t the 
dried mycelia of � - oryza e , � - sydowi
 a nd A. fi scheri con tained suf­
ficient vitamin B complex to promote 
good growth of young rats , 
pigeons  a nd chicks , and protected t
hem from polyneur i t i s , pellagra 
and pa ra lysis. 
Ba sed on amino acid a na lysis da ta ,  i
t wa s hypothe s ized that the 
additional amounts of several es senti
al  amino a cids in the fermented 
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soybeans were large ly r esponsible  f
or the superi or chick performance . 
The fact that the greatest percentag
e growth respons e s  were shown with
 
the l owe st pr otein die ts provided 
strong support to this hypothes is.
 
Informat i on from the amino acid sim
ulation studies (Exper iments VI
I I, 
IX and X ) cl early showed that the 
gr owth enhanceme nt brought about
 by 
culturing s oybeans with the four A
spergill us speci e s  involved could
 be 
explained on the �sis of an incr
ease in certain amino acids. The
 
effects were consi stent and, henc
e, the data confirmed the hypoth
e s is. 
I t was rather surprising to note 
that such a smal l change in ami
no 
acid compo siti on could effect s uc
h a pron ounced respons e. Howev
er ,  
al l treatment diets were far fr
om adequate with re spect to th
e ess en­
tia l amino a cids (refer to Tabl
e 3 )  re quired for maximum chic
!< growth 
when compared to that recommen
ded by the NRC (1971 ) .  Thus ,  t
he effi­
cient metabolic utilization of 
an amino acid is greatly influ
enced by 
its l eve l of intake in relation
 to the chick ' s ne ed and to pos
s ibl e 
amino acid imbalance s. 
Although the data were not dis
cus s ed in this report, studies 
regarding the effects of varie
d moisture l evels and incubati
on periods 
showed no effect on the biolo
gical value of fermented soybea
ns for 
chick growth. Soybeans prep
ared under higher moisture cond
itions ( 37 
percent ) showed somewhat imp
roved feed efficiency. 
Studie s  on Rhi zopus and Act
inonrucor 
The r e sults of Experiments X
I, XII  and XIII  reveal ed that 
none 
of the Rhizopus and Actinomu
cor species cul tured  on soybe
ans exerted 
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any benefic ial effect on weight gain 
and feed eff ic iency for br o ilers. 
However, no s igns of severe toxicity
 were evident either. 
In searching the literature, some con
tr oversy exists regard ing 
the effects of Rhizopu s  and Actinom
ucor spec i es. Us ing Rhi zopu s 
oligosporus, a mold c ommonly u sed in
 or iental food fermentation, 
Murata et tl· ( 1967) found that free
 amino ac ids were in creased durin
g 
fermentation along with riboflavin
, pyridoxine, nicotin ic ac id and 
pantothen i c ac id . With the identi
cal strain, Wang et al . ( 1968 ) ob
­
served that the fermented products
 supported faster rates o f rat g
rowth 
and gave higher protein effic iency
 ratio s (PER) . In  c ontrast, Smi
th 
et al. ( 1964) and Hackler et al . 
( 1964 ) reported that s oybeans fer
­
mented w ith a s pecies of Rhizopu
s showed ne i ther inr,reased rat g
rowth 
n or altered PER value. 
The variability of research dat
a on this subject together with
 
observations noted in this study 
suggests that the fermentation co
n­
diti ons c oncerning temperature, 
humid ity, in cubation period, e
tc . are 
critic al factors altering nutr
itional value, espec ially with 
Rhi zopus 
spec i es. Smith et al. (1964) re
ported that differences in exten
t of 
fermentati on, whi ch may occur w
ithin a given per iod of incubation
, may 
vary the nutritive value of the 
f inal product. 
Studies with Coturnix Quail 
The quail growth studies largel
y confirmed the observations ob
-
tai ned from the broiler experime
nts. However, feeding fermented
 soy­
bean diets did n ot show a s ignif
i cant effec t upon egg pr odu c t i on
 or 
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egg size. As a result, it does not appear that the increased amounts 
of certain essential amino acids in the fermented diets were limiting 
factors for the production performances. On the other hand, a con­
s istent advantage in hatchability was observed with fermented soybeans. 
Was this also a function of a superior amino acid balance brought about 
by fermentation? Further work would be needed to establish this point. 
It was also interesting to note from the third progeny study 
that both fermented diets showed s ome carry-over effect upon growth 
respons e. This effect may have occurred due to a limiting nutrient 
supplied by the fermented s oybeans, or to some other mode of action. 
In view of the overall results, there is a definite advantage 
to feeding soybeans cultuied with certain Aspergillus strains to 
poultry. However, further investigations should be made to evaluate 
the ec onomic merit of feeding fermented as compared to full-fat s oy­
beans to large flocks of broilers or laying hens. Problems would also 
arise from a technological standpoint, particularly in . producing a 
standardized fermentation and in quality control of the final product. 
Future investigations should also be directed to further identify and 
evaluate beneficial fungal species using soybeans as well as other 
major feed ingredients as substrates for fermentation. 
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SUMMARY 
A s eries of factorial experiments are reported here
in on the use 
for broiler growth of control and fern1ented soybean
s in glucose -soybean 
diets with varying protein levels (15 , 17 and 19 p
ercent and 13 , 16 and 
19 percent) .  Nineteen strains of Aspergil li  were
 used as. cultures in 
the first s even investigations , selected on the
 basis of a prior his­
tory of beneficial effects. Data obtained from 
4-week growth studies 
have demonstrated that feeding soybeans fermen
ted with 15 of the 19 
species gave significant (P<0 , 05 or P<0 , 01)  i
mprovements in weight gain 
and feed efficiency. The greatest percentage
 responses were shown with 
the lowest level of protein. No toxic effect
 was revea l ed from any of 
the cultures tested. Biochemical analys es 
indicate that chicks f ed the 
fermented soybe an diets made better use of
 dietary energy , nitrogen 
and dry matter. Carcass composi�ion data 
show that the diets made with 
fermented soybeans produced chicks that we
re significantly (P<0 , 05) 
higher in protein and ash and lower in tot
al lipids . Amino acid 
analyses indicate that the beneficial ferm
ented soybeans contained 
consistently greater quantities of s everal
 essential amino acids. 
Three subsequent studies showed that supple
mentation of defi­
cient essential amino acids to the control
 diet , so as to simul ate the 
amino acid composition of the fermented so
ybeans , exerted s imilar 
positive growth effects.  Thus , al l the gr
owth promotion noted could 
be explained largely on the basis of a su
perior amino acid balance of 
the fermented soybean diets. 
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Soybean s cultured with three Rhi zopu s and three A ctinomucor 
spec ies did not show any positive growth response of broiler chicks 
nor improved feed uti l ization. Thus, these fungal cultures tested 
showed very little promise for improving the nutritional quality of 
soybeans. 
Foll owing thi s, the effect of the two most promising Aspergillus 
cultures (A. oryzae NRRL 451 and A. oryzar NRRL 506) on the life cycle 
performance of Coturnix quai l was investigated . The growth phase 
largely confirmed the findings obtained from the broil er experiments. 
Feeding fermented soybeans did not exert a s ignificant effect on egg 
production and egg size, however a consistent advantage in hatchability 
was observed with treatment groups fed the fermented soybea ns. Some 
carry-over effects of fermented diets f�d -to �he dams were noted with 
. . . 
the progeny in terms of  increa sed groyvth ��sp°:n�es although the ef­
fects were not conclusive. 
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APPENDIX 
Source 
TABLE lA. SUMMARY OF THE ANALYSES OF VARIANCE FOR CHICK GROWTH 
AND FEED EFFICIENCY IN EXPERIJvlENT XIII 
Weight Gain 
df MS " F" MS 
Replicate 2 1 , 297.2  - - 0. 0304 
Protein 2 54, 609.4 33. 4** 0. 210s 
Cul ture 4 1 , 783. 9 4. 1* 0. 0169 
R X p 4 1 , 422. 6 - - 0. 016 1  
R x  C 8 438. 2 - - 0. 0050 
P X C 8 57.6 0. 2 0 . 0080 
Error 16 339.6 0. 0047 
*Indicates s ignificance at P<0. 05. 
**Indicates significance at P<0. 01.  
F/G Ratio  
I I  F" 
1 3 . 1** 
3. 4 







R X P 
R X C 
p X C 
Error 
TABLE '2A. SUMMARY OF THE ANALYSES OF VARIANCE FOR CHICK GROWTH 
AND FE.ED EFFICIENCY IN EXPERIMENT IX 
WEIGHT GA IN 
df MS " F" MS 
2 752.3 -- 0.0067 
2 59 , 355.4 207.8� 0. 3143 
4 1 , 556.5 8 - 8� 0. 0767 
4 285.7 - - 0 . 0079 
8 177.7 - - 0.0033 
8 162.7 0.5 0.0092 
1 6  311.4 0.0063 













R X p 
R X C 
p X C 
Error 
TABLE 3A. SUMfv1ARY OF THE ANALYSES OF VARIANCE FOR CHICK GROWTH 
AND FEEP EFFICIENCY IN EXPERifvlENT X 
Weight Gain 
df MS " F" MS 
2 671.1 - - 0.0093 
2 46,539.5 322.3** 0.3668 
4 5, 1 24 . 1  12.4** 0.0953 
4 144.4 - - 0.0055 
8 41 1 . 6  -- 0.0108 
8 365.1 1.0 0.0037 
16 358.0 0.0059 
**Indicates significance at P<0.01.  
F/G Ratio 
" F" 
66.7** 
s . s
** 
0.6 
..... 
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